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cHAPTER 1 | Historical Notes* 


Uric acid was discovered in 1776 in human bladder stones by Bergmann and 
Scheele [248, 289] simultaneously. Scheele obtained uric acid also from urine. 
Two decades later, Wollaston [248] in 1797, and Pearson [29] in 1798, proved 
that the material in gouty tophi was the same as that found by Scheele in 
stones. It was only in the twentieth century that ancient stones were ex- 
amined and proof was obtained for the presence of uric acid in stones, 6000- 
7000 years old, found in Egypt. Although there are very few data on stone 
composition in history, it is not improbable that uric acid lithiasis may have 
been prevalent since ancient times in those parts of the world which form the 
cradle of civilization, that is China, India and the Middle East. Uricacid stone 
disease was widespread in China and India in the I9gth century [363, 525] 
and there is little reason to assume that the conditions determining the oc- 
currence of this disease in these regions have changed much in the course of 
history. Indeed, the possibility might be considered that the uric acid stone 
was the main or at least a much prevalent stone type in early historical times. 
If true, the history of urolithiasis, as described in various publications con- 
cerned with the history of medicine or in medical publications on urinary 
stone tract disease, may well be chiefly a history of uric acid lithiasis. Thus, 
it seems justified, in dealing with the history of uric acid stone disease, to in- 
clude some historical considerations on stone disease in general. 


Stone disease in ancient times 


There have been archeological discoveries of stones in different parts of the 
world, including the Middle East, particularly Egypt. According to Guthrie 
[223], the art of embalming goes back at the least to 4000 years B.C. and was 
practised until about 600 years A.D., and it is estimated that in Egypt alone, 
some seven million bodies were embalmed during this period. 

According to Kittredge and Downs [302], the oldest stone known is that 
found in the urinary tract of the mummy ofa Pharaoh, who lived about seven 
thousand years ago. Miller [378] reports that in only two mummies out of 
thirty thousand examined in Egypt, stones were foundin the urinary bladder, 
one of them in a boy of the Pre-Dynastic period. In another mummy, two 
stones were found in the region of the kidneys. Ruffer [223, 483] described 


* Because of limited library facilities and lack of original sources, we have drawn 
freely on modern books and articles on the history of medicine and stone disease. 
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the three stones found by Flinders Petrie in the bladder of a mummy from 
the Pre-Dynastic period. Reisner is reported by Wesson [562] to have found 
in Upper Egypt in a Second-Dynasty mummy, four kidney stones lying near 
the first lumbar vertebra. Butt [97] mentions two kidney stones and two 
bladder stones in 9000 mummies examined. 

In North Arizona, Williams [565] discovered in a mummy of a young boy, 
foundin a basket-weaver's cave, a large stone weighing 32 g. He estimated the 
age of the mummy to be about three thousand years. 

In ancient India, stones must have been prevalent, since lithotomy is 
mentionedin the Ayur-Veda, a Sanskrit document dated about 700 B.C. [223]. 

Although the findings in the mummies in Egypt furnish proof of stone 
disease in the Middle East in ancient times, there is no way of estimating the 
incidence of stone disease in the population. When considering the high preva- 
lence of stone disease in China [525], India [363] and the Middle East [186, 
188] in recent times, it seems at first sight surprising that among the many 
thousands of mummies examined, so few stones have been found. The low 
stone frequency in these mummies, however, may be misleading, since em- 
balming was carried out mainly by the rich. Therefore, little can be known 
about the major part of the population which may have suffered from malnu- 
trition and urinary tract infections, believed by some to be conducive to stone 
formation. Furthermore, stones may have disintegrated during the process of 
embalming, especially the friable uric acid stones. According to Herodotus 
[223] who described the different methods of embalming used in Egypt, a 
costly way of embalming included: 

“next they make a cut along the flank with a sharp stone, 

and take out the whole contents of the abdomen. After 

this they fill the cavity with myrrh, cassica, and other 

spices, and the body is placed in natron for seventy days.” 
Lessexpensive methods of embalming included removal of all viscera, except, 
the heart, from the body. The viscera were treated by some preservative, 
wrapped in parcels and returned to the body. The treatment of viscera and 
the mummies with alkaline solution may well have dissolved almost all uric 
acid stones. If uric acid stones had been the prevalent stone type in Egypt, 
this method of embalming would have made any evaluation of stone preva- 
lence impossible. 

Little evidence of stone disease is available in the history of peoples who 
did not practise the art of embalming. Stewart [97] describes American In- 
dian burial grounds where the earth contained many pebbles. Thus, kidney or 
bladder stones may easily have been passed over by the archeologist. More- 
over, many tribes transferred their dead from grave to grave while others 
exposed the bodies of the dead to the vultures. According to Leonardo [336], 
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the wealthier Hindus were accustomed to cremate their dead, whilst the 
poorer families could not afford complete burning and were throwing the un- 
burnt remains into the Ganges to be devoured by the crocodiles. These are 
only a few examples of the difficulties encountered in estimating the inci- 
dence of stone disease among various peoples in bygone times. 


Composition of stones 


Scheele [97] initially thought that all urinary tract stones are composed of 
uric acid. In the beginning of the rgth century Marcet [97] made the im- 
portant observation that triple phosphate in stones is related to urinary tract 
infection, thus, in a sense laying the foundation for the explanation of the 
formation of mixed uric acid-phosphate stones. 

Examination of ancient stones reveals no difference in their composition 
and that of present day stones. One of the two stones obtained from an Egyp- 
tian mummy mentioned by Miller [378], contained a nucleus of uric acid 
covered by calcium phosphate. A stone discovered by Elliott Smith [97] also 
had a uric acid nucleus and a shell composed of layers of calcium phosphate, 
carbonate and ammonium magnesium phosphate. With respect to the uric 
acid component of these ancient stones, it is of interest that in a mummy 
found in Upper Egypt, Smith and Jones [248] found tophi consisting of urate. 
The stone found by Williams in Arizona [565] contained uric acid, calcium 
phosphate, carbonate and ammonium magnesium phosphate. 

Indirect evidence of the occurrence of uric acid stones in ancient India is 
found in the notes of Desnos [141] wherein he reports that the Hindus them- 
selves describe physical properties of stones conforming with different stone 
types, including uric acid stones. According to Sigerist [483], the Assyrians 
distinguished between hard stones and soft stones. There is no mention of 
kidney or bladder stones in the old Testament, but the Talmud contains a 
prescription for the regulation of the volume and the character of the urine in 
stone patients [97]. Gout is mentioned [23]: 

“Azza, of whom it reads (1, Kings, XV. 23): Nevertheless, 
in the time of his old age he became diseased in his feet. 
And R. Jehudah in the name of Rabh said: Podagra 
caught him. Said Mar Zutra b. Na'hman to R. Na'hman: 
What kind of a sickness is this? And he answered: It pains 
like a needle in raw flesh. Asked the Gemara: Wherefrom 
did he know this? He himself suffered from this sickness.” 
The occurrence of gout in ancient times in Egypt [223], in Greece [378] and 
in Asia [23], makes it probable that uric acid stones were not uncommon. 


HISTORICAL NOTES 
Etiology 


The Persians related the appearance of stones to different foods, especially 
the intake of sour milk, fruit and acid drinks [141, 195). According to Hippo- 
crates (460-370 B.C.) [268], many of whose beliefs are still popular to day, 
the composition of the drinking water and, possibly, inflammation of the 
bladder and dehydration may play a role. Milk was thought by him to be 
also a causative factor of stone formation in children. The following is a 
quotation from the chapter “On Airs, Waters and Places” in The Genuine 
Works of Hippocrates [208]: 
“Men become affected with the stone, and are seized with 
diseases of the kidneys, strangury, sciatica, and become 
ruptured, when they drink all sorts of waters, and those 
from great rivers into which other rivulets run, or from a 
lake into which many streams of all sorts flow and such as 
are brought from a considerable distance. For it is impossi- 
ble that such waters can resemble one another, but one 
kind is sweet, another saltish and aluminous, and some 
flow from thermal springs; and these being all mixed up 
together disagree, and the strongest part always prevails; 
but the same kind is not always the strongest, but some- 
times one and sometimes another, according to the winds, 
for the north wind imparts strength to this water, and the 
south to that, and so also with regard to the others. There 
must be deposits of mud and sand in the vessels from such 
waters, and the aforesaid diseases must be engendered by 
them when drunk, but why not to all I will now explain. 
When the bowels are loose and in a healthy state, and 
when the bladder is not hot, nor the neck of the bladder 
very contracted, all such persons pass water freely, and no 
concretion forms in the bladder; but those in whom the 
belly is hot, the bladder must be in the same condition; 
and when preternaturally heated, its neck becomes in- 
flamed; and when these things happen, the bladder does 
not expel the urine, but raises its heat excessively. And the 
thinnest part of it is secreted, and the purest part is passed 
off in the form of urine, but the thickest and most turbid 
part is condensed and concreted, at first in small quantity, 
but afterwards in greater; for being rolled about in the 
urine, whatever is of a thick consistence it assimilates to 
itself, and thus it increases and becomes indurated. And 
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when such persons make water, the stone forced down by 
the urine falls into the neck of the bladder and stops the 
urine, and occasions intense pain; so that calculous chil- 
dren rub their privy parts and tear at them, as supposing 
that the obstruction to the urine is situated there. As a 
proof that itisas I say, persons affected with calculus have 
very limpid urine, because the thickest and foulest part 
remains and is concreted. Thus it generally is in cases of 
calculus. It forms also in children from milk, when it is not 
wholesome, but very hot and bilious, for it heats the 
bowels and bladder, so that the urine being also heated 
undergoes the same change. And I hold that it is better to 
give children only the most diluted wine, for such will least 
burn up and dry the veins. Calculi do not form so readily 
in women, for in them the urethra is short and wide, so 
that in them the urine is easily expelled; neither do they 
rub the pudendum with their hands, nor handle the passage 
like males; for the urethra in women opens direct into the 
pudendum, which is not the case with men, neither in them 
is the urethra so wide, and they drink more than children 
do. Thus, or nearly so, is it with regard to them.” 
Galenus (131-201 A.D.) broadened the etiological concept of stone disease by 
attaching importance to hereditary, climatic and nutritional factors and even 
to racial characteristics [562]. Galenus pointed out the causal relation be- 
tween gout and urinary tract stones, believing that both ailments had a 
common source [562]. Hieron of Syracuse had both gout and stones [140]. 
Philippus Aureolus Theophrastus Bombastus von Hohenheim, known as 
Paracelsus [223, 410] who lived in the first half of the sixteenth century (1493 
to 1541) believed that stones were caused by food. According to him, many 
foods contained impure material, harmful to the human. This material, 
termed by him “Tartarus”, when deposited in the tissues, produced kidney 
stones, gravel and gout. 

In his book De Lithiase, Van Helmont (1577-1644) mentioned by Garrison 
[195], stated that kidney stones were an undesirable product of materials 
excreted in the urine. According to Van Helmont, there was a connection 
between the colour of the urine and the excretion of undigested food. Franz 
De Le Boê-Sylvius (1614-1672) [482] examined urinary bladder stones ob- 
tained post mortem and concluded that there was a relationship between the 
salts found in the urine and in stones, which he considered to be the result of 
abnormal chemical processes. 

Sydenham (1624-1689), known as the English Hippocrates, who himself 
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suffered from kidney stones and gout, postulated that kidney stones formed 
only in humans who had a specific diathesis manifested in an increased ex- 
cretion of a kidney stone-producing substance which precipitates as stones. 
The following is a quotation from the third edition by John Swan [515] of 
The Entire Works of Dr. Thomas Sydenham, Wherein The History of Acute and 
Chronic Diseases, And The Safest and Effectual Methods of treating them are 
faithfully, clearly and accurately delivered. “The gout generative of the stone 


in the kidneys.” 


“But besides the above mentioned symptoms, viz. the 
pain, lameness, inability to motion of the parts affected, 
the sickness, and other symptoms above numerated, the 
gout breeds the stone in the kidneys in many subjects, 
either (1) because the patient is obliged to lie long on his 
back, or (2) because the secretory organs have ceased per- 
forming their proper functions; else (3) because the stone 
is formed from a part of the same morbific matter; which 
however I do not pretend to determine. But from what 
cause soever this disease proceeds, the patient is sometimes 
at a loss to know whether the stone or the gout be most 
severe. And sometimes a suppression of urine caused by 
the stone's sticking in the urinary passage, destroys him, 
without waiting for the slow advances of its concomitant 
the gout.” 


And another quotation from the same book: “Concerning bloody urine from 
a stone in the kidneys”: 


“Tho” some may think me a little indiscreet in publishing 
an observation which I have experienced in myself alone, 
yet "tis hop'd no equitable person will be displeased with 
me, who have suffered so long and so much from bloody 
urine, from a stone in the kidneys, for being moved to 
compassionate those who labour under the same disease, 
and to communicate those remedies which have given me 
relief, tho” they may perhaps seen common, and notworthy 
of notice. In the year 1660, I had the longest and severest 
fit of the gout I ever had in my life, so that I was con- 
strained for two months in the summer season, to lie al- 
ways in, or upon a soft bed, and towards the close of the fit 
I began to feel a dull heavy pain, especially in the left 
kidney, and some times, though very seldom, in the right. 
After the gout went off, the pain in the kidneys remained, 
and attack'd me at intervals, which, though it was not 
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very sharp, made me apprehend the stone; for I had not 
yet had a single fit of the stone, which is attended with 
severe pain along the ureters towards the bladder, and 
violent vomiting. But tho” these signs of the stone in the 
kidney appear'd not hitherto, yet I had reason to believe 
I had a large stone in one of them, which being too big to 
pass into the ureters, occasioned the above-mentioned 
symptoms. And several years afterwards I found I was not 
mistaken; for having walk'd considerably, and for a long 
time in the winter season, in 1676, soon after the breaking 
of a severe frost, I made bloody-urine directly, and conse- 
quently did so whenever I walk'd much, or was carriedin a 
coach over the stones, tho' the horses went slowly; but this 
symptom did not seize me when I travelld in a coach in 
unpav'd roads, how long a journey soever I made.” 
Since Sydenham, many clinicians stressed the relationship between gout and 
stones [375]. Mention was made of the appearance of stones in females, both 
parents of whom had suffered from gout and the appearance of stones in a 
woman was considered the manifestation of an inherited diathesis. Erasmus 
of Rotterdam, who himself suffered from stones, stressed the connection be- 
tween gout and stones, in his letter to Thomas Morus considering the two 
diseases to be sisters to which they had married [140]. Also John Calvin had 
gout and renal colics [212] and Benjamin Franklin had gout and bladder 
stones [II9). 

In recent times several authors—Thomson [525], reporting on China, 
McCarrison [363] on India, Boshamer [66] and others, stressed the correlation 
between insufficient fluid intake on hot days and the frequency of urinary 
tract stones. The following is a citation from a book by the British surgeon 
Tubby [532] who worked in Cairo during the first world war: 

“The explanation for the urgent symptoms was this: 
during the hot months the men perspired exceedingly and 
didn't realize the necessity of drinking large amounts of 
water, sometimes they couldn't obtain sufficient. The 
result was that the urine became highly concentrated, its 
solids were deposited and the crystals or gravel thus formed, 
irritated the kidneys, causing renal colics, hematuria and 
sometimes total suppression of urine.” 
Our recent observations on the high prevalence of urolithiasis in Israel with 
its subtropical climate are consistent with the hypothesis that inadequate 
fluid intake with ensuing low urine output is an enhancing factor in the cau- 
sation of nephrolithiasis [186, 188]. This enhancing factor apparently plays a 
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role also in uric acid stone disease, which is prevalent in this country [22]. 
Thus, our series of gouty patients has the highest incidence of uric acid kidney 
stones, of all series of gouty patients published all over the world. This will be 
discussed in Chapter 9. 


Treatment 


In the course of history the treatment of urinary tract stones has been both 
surgical and conservative according to the peoples and the times in which 
they lived. No doubt, uric acid stones must often have been the indication for 
surgical treatment. 


Surgical 
Amongst the most ancient operations performed were those on the lower 
urinary tract. According to Gordon [208] scientists and philosophers removed 
stones from the bladder in the times of the Greeks and the Arabs. In other 
periods operations were performed mainly by lay specialists. 
In Persia, stones of up to apple size were removed surgically by suprapubic 
cystotomy. In cases of stone in the urethra, Avicenna [168] suggested placing 
a reed in the channel and blowing through it. Ghiya's-ul Din suggested the 
insertion of a twig of saffron or the placing of a live louse within the meatus. 
Incisions in the urethra were performed. 
In India surgery was a venerated profession and its results were summarized 
in the Ayur-Veda [59, 223, 483]. A detailed description of surgical methods is 
ascribed to Susruta, who lived in the sixth century B.C. Surgical indications 
were made after conservative treatment had failed. According to Bloch [59], 
the Hindus used for surgery a narcotizing drug called Sammohini. Operations 
were performed on days of luck and the patient had to look eastwards, the 
physician westwards. In India the operation described by Susruta was still 
performed up to recent times [109]. 
In Hippocrates's time, stones were operated “without fear or scruple” 
according to Littré [269] in his introduction to Hippocrates' oath. The 
passage on stone surgery in Hippocrates” oath, however, influenced the 
coming generations greatly: 
“I will not cut persons laboring under stones, but will 
leave this to be done by men who are practitioners of this 
work” [268], 

or, in another version [269]: 
“IT will not use the Knife, not even verily, on sufferers from 
stones, but I will give place to such as are craftsmen 
therein.” 

There are differences of opinion among historians as to the meaning of this 
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Hippocratic statement. Cope [118] who interprets this part of the oath as a 
warning not to operate on stone patients, is of the opinion that it is not typi- 
cal for the Hippocratic period and believes it to have been added to the oath 
in a later period. According to Moore [384], surgery was well known to Hippo- 
crates, and in his writings there is an indication to nephrotomy in case of 
suppuration of the kidney. Mettler [375] believes that the lack of indications 
to stone surgery in Hippocrates” writings is due to the absence of a discussion 
of treatment of stone patients in general. 

Among surgeons in classical times, mention must be made of Celsus, who 
according to Mettler [375], was the first to give a complete account of urologic 
surgery. Bloch [60] states that Celsus performed urethrotomy mainly in boys 
of the age 9 to 14. The reason for this special indication is not known. Celsus 
described and apparently invented instruments for lithotomy in these boys. 
In addition, he described instruments for operating on adults, virgins and 
married women. The method of lateral lithotomy, propounded by him, and 
identical with the surgical method used in India, had a high mortality and 
the survivors often developed fistula. Celsus also left indications for post- 
operative treatment, pressure bandage, injections into the bladder for disso- 
lution of clots, warm baths etc. [60, 375). 

Ammonios, who lived in Alexandria in the third century B.C., was well 
known for his success in lithotripsy or lithotrity of stones in the bladder [193]. 
According to Major [354], Ammonios was the first surgeon to perform litho- 
trity and was nicknamed “Lithotomos”. 

Cope [118] mentioned that already in the days of Galenus, surgery was 
considered a non-professional activity. In Byzantium, however, no distinc- 
tion was made between surgery and internal medicine. Surgery was not con- 
sidered inferior, and the physicians performed operations on the urinary 
tract [146]. At a later period, the Arabic school considered surgery, and 
especially stone removal, an inhonorable activity. Haggard [237] ascribes 
this to the Moslem injunction against dissection. Avicenna taught explicitly 
that surgery was inferior to medical practice and was to be carried out by 
men of lower social rank. 

Arab medical practice and theory greatly influenced the attitude towards 
the treatment of stones in Europe in the Middle Ages. The Church, by reason 
of its aversion to “blood letting” [209], furthered this development. 

In the Middle Ages, operations on the urinary tract were performed by 
executioners, bathhouse keepers, barbers and strolling fakers [237]. Internal 
medicine was often delegated to monks who disdained surgical procedures 
[384]. According to Oliver Wendell Holmes, the famous American physician 
of the r9th century: 

“It (medicine) learned from a monk how to use antimony, 
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from a Jesuit how to cure agues, from a friar how to cut 
for stone, from a soldier how to treat gout” [195]. 
The wars produced the type of wandering surgeon, mostly barbers. In the 
I4th century the name of “Feldscher” or “Feldscherer” was coined in the 
Swiss army [208]. This profession is still popular in certain parts of Eastern 
Europe. 

Surgery often became a monopoly of certain families or towns. The family 
Colot was widely known in France. One of its members, Germain Colot, per- 
formed lithotomy on Louis VI, after having first demonstrated to His Majes- 
ty the operation on a criminal. The town of Perugia in Italy was famous for 
its lithotomists in the róth century [384]. Ackerknecht [2], Major [354] and 
Buck [92] mention the lithotomist P. Franko, who was born in the year 1500. 
This Franko, while operating for stone on a I0-year old boy by perineal in- 
cision, was not able to extract the stone and in order to save his life he did a 
suprapubic incision. The Franconian operation was taken up again in the 
18th century. Interestingly, Franko poses the question to the physicians, why 
they should not try to crumble stones by injection of materials into the 
bladder or by oral administration [92]. Braasch [75] goes so far as to link the 
course of modern history to the failure of Sir Thompson, the pupil of Civiale, 
considered the “Father of Lithotrity”, to successfully perform a lithotomy on 
Napoleon the Third who died as a result of the operation. Possibly, according 
to Braasch, the war between France and Germany would have had a different 
course if Napoleon the Third had not died and consequently “modern 
Germany never have been born”. Interestingly, as mentioned by Butt [97], 
the stone of Napoleon the Third was a mixed uric acid stone, containing alter- 
nating layers of uric acid and phosphates. 

The suffering of the stone patient was so great, that Paracelsus, who was 
firmly opposed to surgical procedures in the human, agreed that only litho- 
tomy should have a place in medicine [223]. In the 17th century, nephro- 
tomy appears on the horizon. Benjamin Bell [375, 483] considered this inter- 
vention nessary in case of kidney stone, but he experienced difficulty in 
differentiating nephritis, abscess and stone. Mettler [375] mentions a case of 
stone extraction from the kidney in 1663 performed by Dominico de Mar- 
chetti. Dr. Long first used ether anesthesia in surgery in 1842 [237], but 
nephrolithotomy was not performed until 1880 by Sir Henry Morris and 
ureterolithotomy some 20 years later [75]. Only after contrast urography was 
introduced by Rowntree and co-workers in 1923 [408] using inorganic con- 
trast material, and, later by Roseno [455], who used organic material, did the 
modern treatment of stones begin to develop. 
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Medical 

The lack of knowledge of the etiology of stones in the urinary tract brought 
with it in different peoples and times various kinds of treatment, based some- 
times upon practical experience but often on magic beliefs and sometimes 
even deception. 

The Assyrians and Babylonians treated urolithiasis conservatively. They 
prescribed [562] black salpeter, shell of ostrich-egg and pine turpentine. The 
Rig-Veda (about 1500 B.C€.) which preceded the Ayur-Veda by about eight 
centuries, prescribed spells and incantations. The Greeks stressed diet, fasting, 
shaking on wagons or ships, sexual abstinence, massage, milk of the mother 
of a male child, and baths [193]. The Cnidians treated their patients who had 
sand in the urine by heat and laxatives, scammony, and in case of renal colic 
by an enema of hot water [562]. Galenus to whom the connection between 
gout and stones was known [562] used: 

“asses milk, urine with honey, myrrh, parsley, caraway, 
ammoniacum and the powder found in sponges.” 
Of all treatments of stone patients which were used in the past, valid until 
today is the intake of large amounts of fluid. Celsus [in 268] gave clear instruc- 
tions to his stone patients —“Ut Aguam Bibat”. Tissot [268] believed that the 
drinking of large amounts of water together with tea prevented stone disease 
in wide areas in China. Campfer [268] adds that since tea was introduced in 
Europe, the prevalence of stone disease decreased, because of the large fluid 
intake associated with tea consumption. The Turks were believed by Theve- 
not [268] to be almost exempt of stone disease owing to their free use of 
water. Metzger [268] attributed the diminution of the number of calculous 
disease in Kônigsberg to the use of draughts of tepid water. Wesson [562] 
cites a famous lithotomist, Cyprian, who believed that drinking of beer in 
large quantities prevents stones. He operated on 1400 patients for stone “but 
never had operated on a beer drinker”. In this context he quotes Sydenham: 
“That to prevent bloody urine from the stone, whenever 
I am obliged to go far in my coach up on the stones (for the 
longest journey in unpav'd roads does me not the least 
hurt), I always drink a large draught of small beer before 
I set out, and another on the way, ifl am abroad a consider- 
able time, by which means I secure myself pretty well from 
bloody urine.” 
Sydenham also used steel water: 
“In this case, I say, there is no better remedy either to 
prevent the increase of small stones, or to expel them from 
the kidneys, than drinking steel waters plentifully every 
summer” [515]. 
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Today large fluid intake is prescribed by many clinicians, since a large body 
of evidence has been accumulated for the stone-promoting influence of in- 
adequate fluid intake, especially in countries with a hot climate (see Chapter 
9). This is but a revival of a well-known principle established long ago that 
had been disregarded for a long period of time. 

There are records of early attempts to dissolve urinary tract stones in vivo. 
John of Gaddesden (1280-1361) claimed in his book Rosa Anglica that he was 
able to dissolve stones (apparently in gouty patients). According to Freind 
(1725) [223], 

“He could dissolve the stone, draw out the humour of the 

gout with an ointment, conquer epileptic fits with a neck- 

lace, and cure a palsy with Aqua Vitae.” 
Stephan Hales (1677-1761) [375] searched long for a dissolvement but with- 
out success and delighted in showing the inefficacy of quack remedies. Robert 
Whytt (1714-1766) [115] prepared a solution from calcined egg shells and 
oyster shells, and ascribed to it an extraordinary power to dissolve stones 
both in vitro and in vivo, by rinsing the bladder with this solution. He also 
gave daily by mouth one ounce of alicant soap and 3 pints, or more of lime 
water. He published in 1743 his Essay on the Virtues of Lime-Water and Soap 
in the Cure of the Stone. Marsilius Ficinus, in his book De Triplici Vita [115] 
prescribed camomile and petroselinum. The same treatment was prescribed by 
Linacre for Erasmus [115]. The treatment with alkaline solutions was used 
also in the I9th century. John Howship (1816) [562] prescribed “alkalies or 
magnesium” for uric acid stone patients. Sir Astley Cooper in 1826 [562] 
prescribed for the prevention of uric acid stones: liquor potassae, potassium 
carbonate and sodium carbonate. Alkalinization is used today both in the 
prevention of new stone formation in uric acid lithiasis patients and as a trial 
to dissolve uric acid stones in vivo [20]. Again modern medicine follows the 
empirical principles established long ago. 

Even today the conservative treatment of urinary tract stones is far from 
being satisfactory and the prevention and treatment remains a major problem 
in many countries, especially those with hot climates where urolithiasis is 
prevalent and uric acid lithiasis, apparently, is very common. Many present 
day misconceptions as to the etiology and treatment of kidney stones will 
have to be overcome. Even today in our country one can hear statements 
such as: renal colics are a punishment for sin, kidney stones are caused by 
food of animal origin, or by excessive fluid intake, kidney stones can be cured 
by prayer, by fasting, or by omitting spices from the diet. 

These statements are not far removed from the story of a hoax which took 
place in England during the reign of King George III (in the first half of the 
r8th century) and recorded as follows by Leonardo [336]: 
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“A humorous, almost forgotten fraud, perpetrated upon 
England's aristocracy, professional men and Parliament 
itself, involved a concoction guaranteed to cure stones. 
One Johanna Stephens convinced several influential per- 
sons they had stones, treated and supposedly cured them; 
then prevailed upon them to testify in her behalf. Realizing 
her popularity would not be permanent, she deviseda clever 
method of capitalizing upon popular gullibility. She pro- 
posed that her nostrum be made available to the general 
public for a price of five thousands pounds, the money to 
be raised by public subscription. Fearful of permitting loss 
of such a boon to mankind, bishops, earls and lords and 
outstanding physicians contributed to the fund. For its five 
thousand pounds England was given instructions on the 
preparation and administration of pills, powders, liquids 
composed mainly of snails calcined, wild carrot seed, bur- 
dock seed, ashen keys, hip and hawes—all burnt to black- 
ness—alicant soap and honey.” 

John Swan, the editor of Sydenham's works writes in a footnote to the 

latter's treatise on stones [515]: 
“Mrs. Stephens medicines have been found so very bene- 
ficial in abundance of instances in this painful distemper, 
that they well deserve to be rank'd amongst the best palli- 
ating remedies yet discovered for it; and of course to be 
tried by those who are unhappily afflicted with it; though 
they are not entirely to be dependent as a solvent for the 
stone.” 


I3 


Some Aspects of 
Uric Acid Metabolism 


(EPE ERA? 


In the majority of patients with uric acid lithiasis, no abnormality of uric 
acid metabolism has been demonstrated thus far. As will be discussed in the 
chapter on laboratory findings (Chapter 6), both the serum uric acid level 
and the urinary uric acid excretion are normal in almost all of the patients 
classified as idiopathic uric acid lithiasis cases. Even in patients who have 
uric acid lithiasis associated with gout, the urinary uric acid excretion is often 
in the normal range. 

On the other hand, some gouty patients and a few of the patients with 
idiopathic uric acid lithiasis do excrete increased quantities of uric acid in the 
urine. Furthermore, there is one group of patients in which uric acid stone 
formation is apparently always associated with hyperuricosuria, 2.e. those 
with disorders of the hematopoietic and lymphatic systems [230, 352]. Im 
these patients there is overproduction of uric acid, either as a consequence of 
radiation and chemotherapy or independent from therapy. Some under- 
standing of uric acid metabolism and its pathology may be required, there- 
fore, in etiologic considerations of uric acid lithiasis. 


Production of uric acid 


In the human body uric acid is derived from two sources: endogenously 
synthesized purines and nucleoproteins, and purines contained in the food. 
The purines synthesized in the body are mainly incorporated into nucleic 
acids from which uric acid is derived. A small part of the synthesized purines 
is directly oxidized to uric acid. 


Metabolic pool and daily endogenous production of wric acid 

With the advent of isotope techniques, measurement of the miscible uric 
acid pool and the endogenous production of uric acid became feasible. After 
the miscible uric acid pool is calculated from the dilution of intravenously 
injected isotopic uric acid, the daily uric acid production can be calculated 
from the further daily dilution of the isotopic uric acid measured during a 
purine-free diet [13]. Normally, the size of the uric acid pool is 750-1500 mg 
and 45-85% of the pool is turned over daily [36, 37, 53, 54, 98, 199, 224, 498, 
590). 


Endogenous synthesis of purines 
Although it was already established in 1877 by Cech and Meyer [248] that 
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birds convert urea into uric acid, the elucidation of the synthesis of purines 
from relatively simple building blocks proved to be extremely difficult. Only 
during the last 20 years, and as a result of the work of many investigators, 
Krebs, Rittenberg, Shemin, Hartman, Buchanan, Greenberg, Goldthwait 
and others, has a detailed understanding of the multiple steps involved in 
purine synthesis been achieved. 

Much ofthe research was done on pigeon livers, but the pathway of synthe- 
sis was proven to exist also in bacteria and in mammals [247, 472). 

In the years 1880-1890, Kossel demonstrated that on hydrolysis of nucleic 
acids purines were liberated, and Horbaczewski showed the presence of uric 
acid in the the degradation products of nucleoproteins [248]. During the next 
hifty years, abundant experimental evidence was obtained proving de novo 
synthesis of purines in the whole animal kingdom including man [248]. More 
recently it has been demonstrated that the precursors of purines are simple 
substances such as glycine, serine, threonine, ammonia, formate and carbon 
dioxide [90, 170, 288, 479, 495, 496]. The first purine formed in the body is 
inosinic acid, the de novo synthesis of which was demonstrated in 1951-52 
[218]. 

The sources from which the various nitrogen and carbon atoms in the basic 
purine molecule are derived, are illustrated in Fig. 1. 
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Fig. 1. The sources of the various nitrogen and carbon atoms 
in the basic purine molecule. 


Other ways in which the basic precursors participate in the building of the 
purine molecule have been shown to exist [170, 232, 234, 235, 288, 396, 479]. 
For discussion of the intricate pathway of the biosynthesis of purines, the 
reader is referred to recent reviews and textbooks [89, 247, 259, 563]. Im- 
portant intermediates in the purine biosynthesis are 5-phosphoribosylamine 
and 4-amino-5-imidazole-carboxamide ribonucleotide. 
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The first purine formed is inosinic acid, which is transformed to adenylic 
and guanylic acid. The latter are polymerized into the nucleic acids, DNA 
and RNA. In the course of catabolism the nucleic acids are degraded into 
adenylic and guanylic acid which are further broken down to hypoxanthine 
and xanthine; The latter are further oxidized to uric acid by means of an 
enzyme, xanthine oxidase, which is a flavoprotein containing molybdenum 
[I, 85, III, 138, 215, 247, 467, 556, 563]. 

Not all the purines formed pass through the nucleic acid cycle. A small 
part, apparently, is immediately degraded to uric acid and other purines. 
This pathway is frequently referred to as the “shunt” pathway [234, 585,586]. 

Since there is in the body an overabundance of the simple molecules from 
which purines can be synthesized, it is clear that there must be a control 
mechanism regulating the synthesis in accordance with the needs of the body. 
No evidence has been found that the rate of synthesis of purines is limited by 
the enzymes available. On the other hand it has been demonstrated that 
some of the purine nucleotides formed act as inhibitors of purine synthesis 
[247, 365, 584, 589]. Thus, for instance, phosphoribosylpyrophosphate- 
amidotransferase, the enzyme which controls the irreversible reaction 
phosphoribosylpyrophosphate-phosphoribosylamide, (one of the first steps 
in purine synthesis [246]) was found to be competitively inhibited by adeno- 
sine mono-, di- and triphosphate, guanosine mono- and diphosphate and by 
inosinic acid [584]. Recently, however, the latter mechanism has been 
questioned by Hartman [245] who failed to confirm this competitive inhi- 
bition. Defective control of purine synthesis is thought to be the cause or one 
of the causes of overproduction of uric acid and ensuing hyperuricemia in 
some patients with gout [566]. 


Serum uric acid 


The pKa, of uric acid (uric acid-monosodium urate) is 5.75 and the pKa, 
(monosodium-disodium urate) is 10.2 [42]. At the physiological pH of the 
blood (7.35-7.4) practically all of the serum uric acid is in the form of its 
salt [417]. As a consequence of the abundance of sodium ions in the serum, 
the main salt is sodium urate. The urates are not bound to the serum proteins 
[286, 401, 547, 598] and are ultrafiltrable, even when the serum uric acid level 
is elevated [547, 594, 598] and also after administration of prednisone, phenyl- 
butazone, probenecid and pyrazinamide [461]. 

Numerous investigations have been carried out to ascertain the normal 
serum uric acid level and its upper limit of normal. For some of the relevant 
literature and methods see [10, 14, 86, 103, 128, 120, 163, 173, 204, 213, 225, 
249, 255, 283, 287, 342, 425, 426, 428, 403, 505, 516, 557, 575, 576, 603]. 

There is a considerable variation in the normal ranges given by different 
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investigators. This may partly be due to differences in the methods of serum 
uric acid determination and possibly also to influence of diet. Recent and 
more specific methods of uric acid determination utilizing uricase furnish 
serum uric acid values slightly lower than those obtained by nonenzymatic 
methods. 

The upper limit of normal is regarded by most investigators to be about 
6 mg % in males and 5.5 mg % in females. The lower limits of normal are 
about 3.5 mg % in males and 3.0 mg % in females. According to some 
investigators the serum uric acid level increases with age in women [423, 426], 
but others found no relation between serum uric acid and age in adults of 
either sex [128, 204, 255). The small difference in the serum uric acid level in 
adult men and women is thought to be the result of a slightly higher uric acid 
clearance in the latter, possibly due to hormonal influences [575]. 

Children have a slightly lower serum uric acid level than adults [575, 576] 
In newborns during the first days of life, the serum uric acid level is higher 
than in older children [300], though generally, it is still low when compared 
to the values in the adult. There is no sex difference in serum uric acid concen- 
tration in children until puberty [575]. Endomorphs have generally a slightly 
higher serum uric acid level than ectomorphs, the difference being about 
o.5 mg % [200]. 

In the presence of healthy kidneys the individual serum uric acid level is 
remarkably stable, the fluctuations from day to day and during 24 hours 
averaging 0.5 mg % [604]. Marked fluctuations were found, however, in 
gouty patients [280, 357]. Light muscular exercise or a light breakfast does 
not significantly change the serum uric acid level [605]. 

There is a positive correlation between the serum uric acid concentration 
and the blood hemoglobin concentration [341]. In an investigation carried 
out in order to ascertain the diagnostic significance of an elevated serum uric 
acid level for the diagnosis of gout, the impression was gained that hyper- 
uricemia was often associated with slight to moderate elevations of the 
hematocrit value both in gouty and in nongouty patients [207]. Further 
investigations on patients with secondary polycythemia due to pulmonary or 
heart disease confirmed this positive correlation between the hemoglobin- 
hematocrit level and the serum uric acid concentration. Thus, out of eight 
patients with a hemoglobin level of 14 g % or higher, six had abnormally 
elevated serum uric acid levels [340, 341]. 

Both purine- and protein-rich diets increase the serum uric acid level [50, 
401]. High-fat diets cause a similar increase [239, 344] thought to be due to a 
reduction of the renal uric acid clearance consequent upon metabolic acidosis 


[4, 569]. 


In normal pregnancy the serum uric acid remains in the normal range [421], 
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although during the first seven months it tends to be slightly lower than 
average [506]. During labor the serum uric acid rises to high normal levels 
and even to abnormal levels [126, 238, 506, 508], and may remain elevated 
during the puerperium [531]. The high serum uric acid level in labor is prob- 
ably not due to a rise in serum lactic acid [508]. 

Abnormally elevated levels of serum uric acid may be found in primary 
and secondary gout and in many other pathological conditions such as renal 
insufficiency [376], lobar pneumonia, eczema [335], and psoriasis according 
to some investigators [164, 509] but denied by others [330, 528, 549], arterio- 
sclerotic vascular disease, cardiovascular disease and myocardial infarction 
[149, 200, 202, 212, 307], prolonged starvation [335, 588] pre-eclampsia and 
eclampsia [IIO, 132, 238, 421, 502, 566], possibly lead intoxication [351], 
carbon monoxide, barbital and alcohol poisoning [335], hypoparathyroidism 
[151], acromegaly [338], myxedema [333], state after adrenalectomy [279], 
diseases accompanied by a high serum lactic acid level such as the glycogen 
storage diseases [238, 274, 281], primary hyperoxaluria [13, 162, 480], 
rheumatoid arthritis [207] and diseases of the Iymphatic and hematopoietic 
systems causing increased turnover of the nucleoproteins [15, 82, 133, 157, 
203, 206, 2062-264, 308, 328, 329, 352, 434, 450, 405, 5II, 529, 551, 552, 555). 
The relation between serum uric acid and the latter diseases has been ex- 
haustively reviewed by Talbott [517]. Patients with leukemia may have very 
high serum uric acid levels, values of 44 mg % [405] and 68 mg % [206] 
having been observed. In a young patient with acute leukemia and kidney 
insufficiency, treated with methylprednisolone, the serum uric acid was 
reported to have risen to 80.5 mg % [178]. 

Approximately one third of the members of families with essential hyper- 
lipemia have, in addition to hypercholesterolemia, also hyperuricemia 
[3, 5, 243]. Serum levels of cholesterol and uric acid were found to be posi- 
tively correlated both in males and in females. In arteriosclerotic subjects, 
additional positive correlation was found between serum uric acid and the 
beta/alpha lipoprotein ratio [462]. The lipid alterations in patients with gout 
and hyperuricemia, selected to exlude clinical arteriosclerotic disease, were 
found to be of similar magnitude and of the same lipid fractions as described 
in patients with atherosclerosis [174]. Other investigators who examined 
serum uric acid, cholesterol and total lipid levels in aged persons found a 
positive correlation in men only [201]. In a short-term experiment, hyper- 
uricemia induced by pyrazinamide did not cause elevation of serum cho- 
lesterol and lipids [291]. Stress caused by examination raised the serum 
cholesterol level in a group of medical students without a concomitant rise in 
serum uric acid [150]. Others, however, have shown a rise in serum and uri- 
nary uric acid under conditions of stress [473]. Hyperuricemia is a common 
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finding in healthy relatives of gouty patients, 11-25%, of whom show this 
biochemical abnormality [249, 395, 489, 490, 505, 568]. In some patients 
with hyperuricemia it may be extremely difficult to find a satisfactory expla- 
nation. In such cases the patient's family should be examined in order to 
exclude familial hyperuricemia. The fact that an elevated serum uric acid 
level accompanies such a large number of completely different diseases calls 
for caution in relating this finding in a patient to a specific disease [213]. 
Hyperuricemia may be found without any known cause [201, 280, 426] and is 
termed by Talbott “idiopathic hyperuricemia” [516]. 

À low serum uric acid due to an abnormally high renal uric acid clearance 
may be found in the renal Fanconi syndrome [40, 171, 380, 393, 484], in 
Wilson's disease [31, 57, 353] and, very rarely, in apparently otherwise nor- 
mal persons as reported by Praetorius and Kirk [301, 427]. Low serum uric 
acid has been described by Dent and Philpot in xanthinuria [135], due to 
lack of the enzyme xanthine oxidase which converts xanthine and hypo- 
xanthine to uric acid [145]. Taxay found low serum uric acid in porphyria 
[521], possibly due to reduced purine synthesis [320]. Diabetic patients are 
reported to have a lower serum uric acid than healthy persons [32]; others 
noted a high uric acid level in diabetic patients [558]. 


Uric acid in other fluid compartments and in tissues 


The uric acid level in synovial fluid is equal to that in serum both in normal 
subjects and in gouty patients [461, 492], The uric acid concentration in the 
cerebrospinal fluid is very low, on the average being 6% of the serum level 
[429]. Sweat contains 0.2-0.8 mg % of uric acid. Liver and spleen tissue con- 
tain uric acid in a concentration of approximately 10 mg %. The concen- 
tration in muscle tissue is approximately equal to that in the blood, whereas 
adipose tissue contains only traces [386, 498]. The concentration in red blood 
cells is about 55% of that of the plasma but the extra- and intracellular 
concentrations of uric acid in the water phase are very similar when the 
Gibbs-Donnan effect is taken into account [56, 286, 507]. The transport of 
uric acid through the erythrocyte membrane was thought to be at least part- 
ly due to an active process [409]. The amount of uric acid secreted into the 
gastrointestinal tract is considerable. The uric acid concentration in saliva is 
about 60%, of that in serum [497, 498], in gastric juice about 0.6 mg %, both 
in normals and in ulcer patients, and in bile 4.4 mg % [350]. Altogether about 
100 mg of uric acid, dissolved in saliva, gastric juice and bile, is excreted daily 
into the gastrointestinal tract. Assuming that about the same amount of uric 
acid is excreted in the pancreatic and intestinal juices, the total amount of 
uric acid excreted into the intestinal tract is about 200 mg daily [498]. This 
means that about a third of the uric acid produced daily is eliminated through 
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the intestinal tract where bacteria transform it into carbon dioxide, urea and 
other degradation products [498] (see also page 24). Hyperuricemia causes 
increased secretion of uric acid into the gastrointestinal tract [361, 498]. 


Renal handling and urinary excretion of uric acid 


Uric acid and urates, being ultrafiltrable, pass the glomeruli freely. Only 
about 5-10%, of the uric acid in the glomerular filtrate, however, is excreted 
in the urine. When measured in normal subjects and in those with elevated 
serum uric acid levels but with apparently normal kidney function, the uric 
acid clearance ranges from 7 to 15 ml/min [45, 128, 192, 229, 487, 510]. 

Brgchner-Mortenson showed in 1937 that uric acid excretion is closely 
correlated with diuresis up to a rate of 1.5 ml/min. When the diuresis is less 
than 0.5 ml/min, uric acid excretion drops sharply. At a urinary excretion 
rate of above 1.5 ml/min, the quantity of urinary uric acid was found to be 
independent of the diuresis [79]. These observations have been confirmed in 
their main aspects by Sala et al. [459] and Mugler et al. [388, 389] and should 
be taken into consideration when investigating uric acid clearances, especially 
under conditions of dehydration. Increasing the plasma urate level by uric 
acid infusion or oral purine load raises the urate clearance [45, 401]. The 
normal Tm urate is approximately 15 mg/min [45]. 

Until fairly recently it was thought that the kidney handles uric acid by 
glomerular filtration and tubular reabsorption only, the amount excreted 
constituting the difference between filtration and reabsorption. In the last 
few years, however, renal tubular secretion has been invoked. The possibility 
of renal tubular uric acid secretion was indicated by the finding of a reduced 
uric acid clearance following the administration of uricosuric drugs such as 
salicylates in small doses [599, 600], by the action of pyrazinamide which 
causes very marked renal uric acid retention [594], and by the study of an 
apparently healthy young adult whose uric acid clearance was higher than 
his inulin clearance [301, 427]. Tubular uric acid secretion was proven in the 
Dalmatian Coach hound [294, 574], the mongrel dog [326] and the rabbit 
[424]. Gutman, Yii and Berger proved tubular secretion in man in 1959 [233]. 
Tubular secretion was found to take place in the distal tubules in the mongrel 
dog [593] and in the proximal tubules in the Dalmatian Coach hound [294]. 
It was postulated that in man, urinary uric acid is largely the result of tubular 
secretion [600]. 

The daily urinary uric acid excretion in adults on a low purine diet is about 
300-600 mg [128, 225, 226, 229]. In the individual subject, the urinary uric 
acid excretion on a constant low purine diet is stated to be remarkably 
constant [29, 417], though daily variations occur even under basal conditions 
[29, 79, 498]. On a normal diet, the daily urinary uric acid excretion is 
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500-1000 mg [52, 120, 498, 514]. The daily uric acid excretion is increased by 
purine-rich and high-protein diets and decreased by high-fat diets, the latter 
probably due to the resulting acidosis [4, 50, 569]. The uric acid excretion in 
the newborn is relatively very high and may interfere with tests for urinary 
proteins [148]. The methylated purines, caffeine, theophylline and theo- 
bromine are not metabolized to uric acid [91], and do not influence the serum 
level or the excretion of uric acid. They are therefore not contraindicated in 
gout. Abnormally elevated urinary uric acid excretion is found in about 
25-30% of patients with primary gout [229, 557], in secondary gout [230,352] 
and in diseases of the hematopoieticand lymphatic systems causing increased 
turnover of the nucleoproteins [15, 133, 206, 270, 309, 328, 352, 434, 465, 
517, 555, see also literature on page 158], although uric acid excretion may 
drop to subnormal levels during remissions in leukemia [144]. Low uric acid 
excretion was described in xanthinuria [135]. 

In addition to uric acid, many other purines are found in the urine in very 
small quantities, such as hypoxanthine, xanthine, 7-methylguanine, 8- 
hydroxy-7-methylguanine, adenine, guanine, I-methylguanine, N-z-methyl- 
guanine, I-methylhypoxanthine [547, 559, 560, 561, 585]. Their significance 
has not yet been established. 


Hormones and drugs infiuencing serum uric acid and un- 
nary uric acid excretion 


A veritable host of substances influence the urinary uric acid excretion, and 
secondarily the serum uric acid level and the uric acid pool. Their exact mode 
of action has not yet been established with certainty, whether affecting 
tubular back resorption of filtered uric acid, or tubular uric acid secretion, 
or both. Moreover, certain substances may influence uric acid excretion by 
changing the glomerular filtration rate. Others have a direct effect on the 
endogenous uric acid production. 


T. Hormones 

Corticotrophin, cortisone and related drugs. These substances increase the 
uric acid clearance and lower the serum uric acid level [36, 277, 526]. The in- 
creased uric acid excretion following their administration may be partly 
explained by increased uric acid production due to accelerated catabolism of 
nucleic acids [473]. Undoubtedly, however, their main action consists of 
their effect on the renal tubules as indicated by elevation of the uric acid/ 
creatinine clearance ratio which reflects a change in tubular function [36]. 
It is of more or less historical interest that elevation of the uric acid/creatinine 
clearance ratio was one of the first criteria used in assessing the effectiveness 
of these drugs and of adrenal responsiveness to ACTH [185, 520]. 
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Parathormon. Administration of parathormon causes an increase of both 
urinary uric acid and urinary phosphorus [83, 261]. In human subjects hypo- 
parathyroidism may be accompanied by a low uric acid clearance and a high 
serum uric acid level [151]. Parathormon is known to increase the glomerular 
filtration rate as well as to have an action on tubular function [161, 444]. 
The increased phosphate excretion due to parathormon apparently involves 
both glomerular and tubular function. The exact renal mechanism causing 
the increased excretion of uric acid has not been determined and is possibly 
due to increased filtration rate only [261]. 

Thyroid hormone. The effect of thyroid hormone on uric acid excretion and 
serum uric acid is a matter of dispute. Contradictory results have been ob- 
tained in different studies. Large doses of thyroxine administered to patients 
with liver diseases decreased the excretion of uric acid [102]. Myxedematous 
patients were found to have an elevated serum uric acid level and low urinary 
uric acid excretion, both returning to normal on administration of thyroid 
hormone. The action of the thyroid hormone was thought to be due to an in- 
crease in renal blood flow [333]. Hyperthyroid patients were found to have an 
increased excretion of uric acid, although uric acid serum levels remained 
within the normal range. The increased excretion was supposed to be due to 
an increased purine turnover rate [333]. 

Anabohic hormones. These hormones depress the endogenous uric acid 
production. Nilevar, 17-a-ethyl-17-hydroxynorandrostenon, was shown to 
reduce the daily urinary uric acid excretion in hyperexcretors by nearly 50% 
[346]. Administration of androsterone casued a reduction in serum uric acid, 
cholesterol and triglycerides in hypercholesterolemic subjects with ischemic 
heart disease [405] and in various animals [527], especially when combined 
with ethyl chlorophenoxyisobutyric ester. 


IT. Drugs 

Chlorothazide. (6-chloro-7-sulfamyl-1,2,4,-benzothiadiazine-r,1-dioxide). 
This diuretic drugs causes retention of both uric acid and phosphorus by 
tubular action [322, 383, 407] and thus indirectly raises the serum uric acid 
level. Chlorothiazide may precipitate attacks of acute gouty arthritis [18, 19, 
250, 550). The same applies to hydrochlorothiazide [r9, 250]. When these 
drugs are given in very high doses, a uricosuric action is observed [250]. 
KCl was found to reverse the thiazide-induced urate retention and hyper- 
uricemia [607]. 

Pyrazinamide and pyrazinoic acid. Pyrazinamide, first used in the treat- 
ment of tuberculosis [591] was found to cause a marked diminution of uric 
acid excretion and a corresponding rise in the serum uric acid level [130, I31, 
205, 478, 594]. Further investigations showed that pyrazinamide is metab- 
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olized in the body to pyrazinoic acid which apparently is the active agent 
affecting the renal tubules [594]. 

Lactate. Intravenously administered lactate sharply reduces uric acid 
excretion [508, 601]. 

Salicylates. Al the salicylates in their different forms, such as aspirin and 
sodium salicylate, are strongly uricosuric when administered in high dosage 
[305, 356]. 

Probenecid (di-n-propylsulfamyl benzoic acid). At present, this is one of 
the most widely used drugs in gout, having a marked uricosuric action 
[54, 63, 201, 227, 485, 507] and relatively few side effects [63]. 

Phenylbutazone (3,5-dioxo-1,2-diphenyl-4-n-butyl pyrazolidine) and analo- 
gues. Phenylbutazone has a marked uricosuric effect [227, 318, 358]. Its 
many toxic side effects are prohibitive to its long-term administration [318, 
360] except when used in low dosage [211]. Various analogues of phenyl- 
butazone, especially Anturan (sulfinpyrazone) are more strongly uricosuric 
and less toxic [96, 292, 404, 493, 595, 596]. 

Other uricosuric drugs are zoxazolamine (2-amino-5-chlorobenzoxazole) 
[95, IIÓ, 317, 445], tromexan (ethylbiscoumacetate) and other anticoagulant 
drugs [501, 524], cinchophen [494], potassium citrate [601] and Urelim 
(p-carboxybenzenesulfadiethylamide) [271, 292, 293]. 

New uricosuric drugs are constantly being found and evaluated. Two of 
these, at the moment of biochemical interest only, are 6-azauridine (an anti- 
leukemic agent) and orotic acid [172]. All the uricosuric drugs are potentially 
able to cause the formation of uric acid sand and stones, resulting in renal 
colics and hematuria [63, 81, 139]. On the other hand, probenecid has been 
used, paradoxically, in the treatment of uric acid stones [46]. Most uricosuric 
drugs cause uric acid retention when administered in small doses. 

An interesting development is the synthesis of drugs influencing the en- 
dogenous synthesis of uric acid. 2-substituted thiadiazoles were found to in- 
crease the de novo synthesis of purines. The simultaneous administration of 
nicotinamide abolished this effect [310, 311, 469]. On the other hand, purine 
synthesis is depressed by 6-diazo-5-oxo-1-norleucine and by azaserine [214, 
606). 


The problem of uricolysis in man 


In the course of evolution, man and the anthropoid apes have lost the gene 
responsible for the formation of uricase. All other mammals possess the 
enzyme uricase which transforms uric acid to allantoin which is excreted in 
the urine as the main end product of purine metabolism. An exception is the 
Dalmatian Coach hound which excretes large quantities of uric acid in the 
urine. This was shown to be due to a very low renal threshold for uric acid 
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and not a lack of liver uricase, although the latter's activity is lower than in 
other dogs [155, I9I]. 

Recently, serious doubt was raised as to whether uricolysis does not take 
place in the human body by means of enzymes other than the classical uri- 
case. Several experimental findings were thought to indicate that uricolysis 
does occur in man. First, the daily endogenous purine synthesis exceeds the 
daily urinary uric acid excretion by 70 to 250 mg [37, 422, 590]. Secondly, 
after intravenous injection of labeled uric acid only 65 to 78% is recovered as 
such in the urine [68, 99, 577, 590]. Finally, after intravenous injection of 
labeled uric acid small but significant quantities of labeled urea and ammonia 
are found in the urine [37, 422, 590] and labeled carbon dioxide in the expired 
air [422, 497]. 

Orally administered uric acid partly undergoes degradation by intestinal 
bacteria with formation of urea and ammonia [199]. The breakdown by 
bacteria of the uric acid excreted into the intestines and reabsorption of the 
degradation products was thought to explain the above findings. This expla- 
nation was challenged, however, when no difference was found in the amount 
of degradation products excreted in the urine following intravenous injection 
of labeled uric acid in man, before and after sulfonamide-induced intestinal 
bacteriostasis [552]. 

Extending these observations, experiments in vitro showed that cyto- 
chrome c [220, 355, 535], peroxidases such as are found in leukocytes [101] 
and whole blood [51, 422] exhibit uric acid-degrading enzymatic activity 
different from the classical uricase. 

An extensive reinvestigation of the whole problem by Sórensen [497, 498] 
showed that most of the uric acid ingested by mouth was taken up and 
degraded by intestinal bacteria. 50-70% of the intravenously injected uric 
acid was recovered in the urine, and the remainder was secreted into the 
intestine by way of the saliva, gastric juice, bile and other intestinal secretions 
and degraded by the intestinal bacteria to allantoin, allantoic acid, urea, am- 
monia and carbon dioxide [497, 498]. More efficient intestinal bacteriostasis 
than that used by the previous investigators reduced markedly the amount 
of degradation products excreted in the urine. The amount of uric acid se- 
creted into the gastrointestinal tract accounted for the difference between 
uric acid production and urinary excretion, thus eliminating the necessity of 
assuming uricolysis in the tissues. Moreover no uricolysis could be demon- 
strated on incubation of various human tissues with uric acid [497, 498]. 
Thus, the question of tissue uricolysis in man seems to have been disposed of. 
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Purine metabolism in gout 


Primary gout 

Gouty patients have generally a high serum uric acid level. For many 
years the cause of this hyperuricemia has been disputed by two schools of 
thought, one invoking uric acid overproduction, the other diminished renal 
uric acid excretion. During the last ten years, the concept of uric acid over- 
production seemed to gain the upper hand, but lately, the theory of renal uric 
acid retention has raised its head once more. Today it seems probable that 
both concepts are valid, the underlying abnormality being overproduction in 
some and retention in other gouty patients [470, 499, 582]. 


Abnormal purine metabolism and uric acid overproduction 

The metabolism of uric acid in gouty subjects was studied first by Benedict 
and his associates [37] in 1949 with the aid of labeled uric acid. According to 
them and other investigators, the miscible uric acid pool in gouty patients is 
increased up to 30 times the normal value [36, 37, 53, 498]. Although in gouty 
subjects the daily turnover rate of uric acid, expressed in per cent of the total 
pool, is slightly smaller than in normais, the daily turnover of uric acid is 
quantitatively larger because of the increased size of the pool. Investigations 
with 1ºN-glycine by different groups of workers showed overincorporation of 
the labeled nitrogen atom into uric acid in several gouty patients [38, 39, 390, 
578, 579, 586]. On the other hand, in other gouty patients overproduction of 
uric acid could not be established [39, 55, 234, 390]. When, however, 14C- 
glycine was used instead of 1N-glycine, some of these latter patients were 
proven to be overproducers of uric acid [579], but others were found to be 
normoproducers even with this method [234, 471, 581]. Compilation of all 
available data by Wyngaarden [582] showed that, on the average, the in- 
corporation of glycine carbon and nitrogen into uric acid in gouty patients 
was considerably higher than in normal subjects. He suggested that the 
relatively rare finding of supposedly normal uric acid production is possibly 
due to dilutional factors in patients with large urate pools [582]. 

Marked quantitative differences have been found in gouty patients in the 
“shunt” pathway, 2.º. direct incorporation of labeled glycine into uric acid 
and other metabolites of purine metabolism [38, 39, 234, 585, 586], and 
differences in intramolecular distribution of N-uric acid after N-glycine 
administration between gouty and normal subjects were reported by Gut- 
man and his associates [231, 232, 235]. All these findings indicate that in 
gouty subjects both the purine metabolism is abnormal and uric acid is 
produced in increased amounts. However, no abnormal purines are found in 
the urine of gouty patients [583]. The subject has been reviewed extensively 
by Wyngaarden [582, 588]. 
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Impaired renal excretion of uric acid 

Garrod originated the theory that renal retention of urates is the cause of 
hyperuricemia and gout [196, 197]. Folin came to the same conclusion [184] 
and recently Thannhauser has been the main protagonist of this theory [519]. 
Since no convincing evidence could be adduced in favor of the renal retention 
theory and practically all available clinical and experimental data pointed to 
overproduction as the cause of the hyperuricemia, the retention hypothesis 
was rejected by most investigators until as recently as 1957-1958 [229, 510, 
580]. Over the last few years, however, evidence for renal uric acid retention 
in gout has been forthcoming from different sources. 

Bishop, re-evaluating the extensive urate clearance data of gouty patients 
reported by Gutman and Yiú [229], concluded that the tubular handling of 
uric acid in these patients was impaired [582]. Sérane et al. [477] came to a 
similar conclusion without giving numerical details on their patient material. 
Mugler et al. (388, 389] investigated a large material of gouty patients under 
conditions of varying diuresis. They found an abnormally low uric acid 
clearance in 50% of their patients during a diuresis of 1.5 ml/min or more, 
and in 80% during a diuresis of less than 1.5 ml/min. Moreover, there was a 
definite correlation between the level of hyperuricemia and the impairment 
of uric acid clearance. No correlation was found between the impairment of 
the uric acid clearance on the one hand and urea, phenolsulfonphthalein and 
creatinine clearances on the other. The tubular lesion causing the defect in 
the renal handling of uric acid was therefore regarded as “specific”. Sala et al. 
[459] observed in a much smaller group of gouty patients a low renal uric 
acid clearance, independent of the filtration rate. Increasing the diuresis did 
not increase the uric acid clearance. Villa et al. [547] and others [327] reached 
essentially the same conclusions. In this context the work of Brochner-Mor- 
tensen should be mentioned. In 1940, this investigator found that uric acid 
infusion or a high purine diet caused an increased uric acid clearance in 
normals, but no increase or a much smaller one, in gouty patients [80]. In 
order to circumvent the objection that uric acid clearance in gouty patients 
cannot be compared to those of normals because of the difference in serum 
uric acid levels, Nugent et al. [400, 401] studied the uric acid clearance of 
normal subjects while administering a high purine diet, and of patients with 
hyperuricemia caused by leukemia. It was found that at any serum uric acid 
level, gouty patients who had no apparent kidney damage as measured by 
the usual methods, had a lower uric acid clearance than the normal subjects 
and the leukemic patients. In contradistinction, Gutman et al. [41] could not 
establish any difference in renal handling of urate between gouty and normal 
subjects under conditions of intravenous urate loads. Recently, Seegmiller 
et al. [468] and Sórenson [499] found decreased uric acid clearances in 
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gouty patients in whom no uric acid overproduction could be established. 
Brest and Onesti [78] demonstrated that uric acid retention following ad- 
ministration of diuretic drugs was more pronounced in gouty patients than 
in normal subjects. 

Thus, both theories are apparently vindicated and hyperuricemia in gout 
may be due to either overproduction, diminished clearance of uric acid, or to 
a combination of both of them [468, 499, 582]. 


Secondary gout 

In those patients in whom gout is associated with diseases of the hemato- 
poletic or lymphatic systems [225, 517], uric acid overproduction was demon- 
strated both by isotope technics and by the increased serum uric acid and 
urinary uric acid excretion. The overproduction was shown to be caused by 
increased nucleic acid production and breakdown, thus differing from the 
abnormal metabolism of primary gout [133, 225, 230, 325, 352, 499, 517,583, 
602, 603]. According to some investigators renal uric acid retention caused by 
chronic renal failure may also lead to secondary gouty arthritis [499]. 
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Appearance, composition and structure of uric acid stones 


Uric acid stones may be divided according to their composition into two 
groups: pure uric acid stones and mixed stones, the latter containing in 
addition calcium and/or magnesium salts. This distinction is important main- 
ly from the point of view of diagnosis. 

Pure uric acid stones generally have a characteristic appearance and are 
often recognizable without recourse to chemical or physical methods. They 
are yellow, brown or red, without luster. Many stones are soft and friable and 
can be crushed between the fingers. In contradistinction to other kidney 
stones, uric acid stones tend to crumble after prolonged storage. They are 
mostly small, smooth, round (Fig. 2) varying from the size of a grain of sand 
(Fig. 34, B), to that of a pea, and are rarely multifaceted (Fig. 4). In a few 
cases, pure uric acid stones may develop a large size, sometimes up to that of 
an egg and filling completely the renal pelvis, thus forming staghorn stones 
(Fig. 5). They generally have a rough surface and may be grevyish. Whereas 
the cut surface of small pure uric acid stones has generally a homogenous 
aspect, that of the larger stones often shows alternating darker and lighter 
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Fig. 2. Small round and smooth pure uric acid stones. 
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layers [430] (Fig. 6). Similarly to calcium stones, pure uric acid stones may 
contain small cavities. 

Usually mixed uric acid stones containing calcium salts are larger than 
pure uric acid stones, but never smaller than a pea. They are not friable and 


Fig. 3. Pure uric acid “sand”, fine (A) and coarse (B). 


have no characteristic outer appearance. Even on the cut surface uric acid 
and calcium salts may be so intermixed as to be macroscopically indis- 
tinguishable. In most mixed stones, however, the cut surface may reveal one 
or more yellow-red nuclei of uric acid surrounded by white or dirty-grey 
layers of calcium salts (Fig. 7), or concentric layers ofalternating colour—uric 
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acid versus calcium salts, as the stone of Napoleon III mentioned by Butt 
[97]. A few mixed uric acid stones appear to consist of two separate parts, 


Fig. 4. Multifaceted pure uric acid stones of various size. 


one of pure uric acid, the other mainly of calcium salts, showing a distinct 
color border between the two. 

Uric acid stones are composed of two parts, uric acid crystals and an 
organic matrix, the latter according to Boyce and Stanton-King [73, 503] 
constituting about 2.2-2.3% of the dry weight of the stones. In the matrix 


Fig. 5. Pure uric acid staghorn stone, cut for examination. 
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of uric acid stones, small amounts of calcium were detected by these investi- 
gators even after decrystallization by EDTA. 


Fig. 6. Pure uric acid bladder stone, showing alternating 
lighter and darker layers. 


The matrices of stones of various composition have been studied by micro- 
scopic, histochemical and analytical methods by several investigators, nota- 
bly Boyce et al. [67, 71, 73, 74, 503, 504], Gasser et al. [198] and Dulce [152, 
153]. Morphologically the matrix is composed of two microscopically distinct 


Fig. 7. Mixed uric acid stones; pure uric acid nucleus, sur- 
rounding layers containing calcium and magnesium salts. 
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parts, one fibrous and the other amorphous. The fibers are mainly regularly 
distributed in the form of dense laminations [67, 73, 431]. Both the fibrils and 
the amorphous material are positively stained by the periodic acid-Schiff 
reagent. Since a positive reaction due to glycogen or lipids could be excluded, 
the positive reaction was considered to be indicative of the presence of muco- 
proteins [67, 74]. In contrast to the matrices of stones of other composition, 
the uric acid stone matrix does not stain metachromatically with toluidine 
blue. Boyce et al. [74, 503] presumed this to be due to the absence of glucose. 

Analysis of the mucoprotein matrix by chemical and microbiological 
methods showed the presence of most of the amino acids and several hexoses 
and hexosamines, galactose, mannose, rhamnose, fucose and a deoxypentose 
[152, 198, 503, 504]. In contradistinction to Dulce [153], Stanton-King and 
Boyce [503] did not detect glucose in the matrix of uric acid stones. None of 
the investigators found sialic acid in the matrices of uric acid, or other stones. 
Stanton-King and Boyce [504] found the matrix of all renal caleuh to be 
analytically more similar to uromucoid (one of the mucoproteins of the urine) 
than to the matrix of stones in other organs and of bone. 

According to Prien [431] and to Boyce et al. [71, 73], most of the crystals 
are not distributed haphazardly in the organic matrix but, though embedded 
in the interfibrillar amorphous material, are oriented and closely aligned with 
the margins of the fibers. Murphy and Pyrah [391] also showed the crystals 
of uric acid stones to be oriented in an orderly fashion. 


Composition of stones in patrents with uric acid lithiasis 


Patients suffering from uric acid lithiasis may have pure uric acid stones, 
mixed stones and calcium salt stones without admixture of uric acid*.. 

Little factual information was available to us whether the uric acid stones, 
occurring in those regions of the world where bladder stones are common, 
are pure or mixed with calcium salts. Thomson [525] summarized 3492 
operations for calculus of the urinary tract, performed in Canton, China; 
2962 of the operations were for bladder stones. 78% of all stones were 
composed of uric acid-urates. Of these 13% were mixed with phosphates and 
1% was mixed with oxalate. McCarrison [363], reporting on a large patient 
material from India, found 92.5% of the stones to be bladder stones; 82%, 
of all stones examined were pure or mixed uric acid and urate stones. This 
investigator cited older literature stressing the high prevalence of uric acid 
bladder stones in that area. The few uric acid bladder stones in our material, 
nearly all contained calcium salts im addition to uric acid. 

In our patient series, the uric acid lithiasis was almost exclusively an upper 


* Chemical composition of stones was determined according to Hepler [258]. 
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urinary tract disease and those few patients who suffered from uric acid 
bladder stones, all had a history of renal colics, and in most of them upper 
urinary tract stones were roentgenologically proven. We have compiled in 
Table 1 some data from the literature and our material pertaining mainly or 
exclusively to upper urinary tract uric acid lithiasis and relating to the 
relative frequency of pure and mixed uric acid stones. 

It is observed that the percentage of mixed stones amongst the uric acid 
stones varied greatly in the material of different authors from various coun- 
tries. Whereas French authors report a relatively high frequency of pure uric 
acid caleuli in their uric acid stone material, reports from the United States 
and Sweden indicate about half or more of the uric acid stones to be mixed 
calculi. In our material the percentage of mixed stones is fairly high also, 
40.1 or 57.4%. The very high percentage of mixed stone—63.7% of all uric 
acid stones —in the material of the Israeli urologists, Lazebnik and Kimchi 
[323], may possibly be related to the fact that all these stones were obtained 
by surgical removal from patients amongst whom infection was frequent. 

More detailed data about the composition of the stones obtained from 152 
patients with uric acid lithiasis are given in Table 2. 

The following observations seem noteworthy. More than half of the 
patients —s6%,—had pure uric acid stones only. Amongst the gouty patients 
with urolithiasis the percentage of those with pure uric acid stones only was 
higher than amongst the patients with idiopathic uric acid lithiasis*: 79.2 
versus 50.5%. It is also noteworthy in our material that none of our gouty 
patients with uric acid lithiasis had mixed and/or calcium salt stones in the 
absence of pure uric acid stones. On the other hand, among the patients with 
idiopathic uric acid lithiasis there were many who had mixed stones only. 
Whether this is fortuitous or points to a specific factor operative in idiopathic 
uric acid lithiasis, such as for instance a greater tendency to urinary tract 
infection, is not known. 

Of all the patients with uric acid lithiasis 40.1% had mixed stones. 14.5% 
of the patients had had in addition to pure or mixed uric acid stones, at least 
one stone composed of calcium salts only, either voided or surgically re- 
moved. This frequency of “pure” calcium salt stones amongst uric acid stone 
patients is much higher than the prevalence of urolithiasis (of all kinds) im 
Israel: 1.18%, in the North [188] and 2.4% in the South [186]. This indicates 
that patients with uric acid lithiasis are prone to form calcium salt stones. 

The frequent occurrence of calcium stones in patients with uric acid 
lithiasis has an important bearing on the problem of the diagnosis of uric acid 


* Uric acid stone disease in patients in whom the etiology of the disease is un- 
known, i.e. who have no gout, myeloproliferative disorders etc. 
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ILAMBILÃ, dl 


Relativefrequency of pureand mixed uricacid stonesaccording 
to data in recent literature pertaining mainly or exclusively to 
upper urinary tract uric acid lithiasis 


Authors Country Reference 
Armstrong and Greene USA 17 
Prien USA 430 
Boyce et al. ISA 69 
Leonard USA BB 
Lagergren Sweden 321 
Badenoch England 24 
Loeper and Cottet France 345 
Cottet France I20, 125 
Rosenthal and Launer Israel 456 
Lazebnik and Kimchi Israel 323 
Our material Israel 


* For details see Table 3. 


lithiasis. The finding of a calcium salt stone in a patient with urolithiasis 
does not negate the presence of uric acid stone disease. The diagnosis of uric 
acid urolithiasis should still be made in the presence of indirect evidence as 
elaborated upon in the following chapters, and appropriate treatment insti- 
tuted in spite of the finding of a calcium salt stone without admixture of uric 
acid. Another diagnostic consideration is raised by the finding of calcium salt 
stones in addition to pure uric acid stones im 3 of the 29 patients with gout 
and uric acid stones. Whereas in a patient with arthritis suspect of gout this 
diagnosis is strengthened by the finding of a uric acid stone, a calcium salt 
stone does certainly not detract from the presumptive diagnosis of gout. 
Mugler [387] and Talbott [516] drew attention to the frequent occurrence 
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Number examined Stone composition % 
Patients Stones Pure uvric acid Mixed 
II7 60 40 

58 81 I9 
38 44.7 55.3 
33 51.5 48.5 

17 53 47 

2:E 100 

24 87.6 12.4 
41 80.5 19.5 
I6I 75.8 24.2 
102 36.3 63.7 
152 59.9 40.1 
244* 42.6 57.4 


of calcium salt stones in patients with gout and/or hyperuricemia, and Mug- 
ler cites other authors who had made similar observations. Kittredge and 
Downs [302] found amongst 14 stones obtained from gouty patients, 5 stones 
which did not contain uric acid. Talbott [516, page 124] in his monograph on 
gout, made a special point of the fact that gouty patients may form calcium 
stones. He assumed that these stones had a uric acid nucleus. In another 
publication Talbott [518] stated that nearly 5% of gouty patients had calci- 
um stones. Careful examination of calcium stones obtained from our patients 
with gout and uric acid lithiasis convinced us that a uric acid nucleus cannot 
always be found in such calcium stones, at least not by chemical means. 
Mugler [387] relates the calcium stone formation in patients with gout and/or 
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TABLE 2 


Stone composition according to sex and association with 
gout in patients from whom stones were obtained for ex- 


amination* 
; > Idiopathic uric acid stone 
Se Uric acid 

E fred n stone patients Total Male 

No. % No. % No. % 
Pure uric acid 85 56 62 50.5 49 53.9 
Pure + mixed 2 ORE DEN ESA [6 17.6 
Pure + Ca salt 6 3.9 3 2.4 3 23 


Pure-Ca salt+- mixed 8 5.3 8 6.5 4 4.3 


Mixed I9 12.5 I9 15.4 TO) 7-0 
Mixed + Ca salt 8 5.3 8 6.5 3 SE) 
Total 152 OO 123 IOO g9I IOO 


* Percentages relate to total number of patients in specific 
disease and sex groups. All stones were examined in our la- 
boratory. 


hyperuricemia to the hyperoxalemia prevalent in these patients. Hyper- 
oxalemia in patients with gout and/or hyperuricemia had been reported 
previously by other investigators [387] and was reaffirmed by Mugler in a 
large patient material. It is of interest that this investigator found also a 
considerable number of calcium salt stones in patients with hyperuricemia 
without hyperoxalemia. 


Composition according to sex 

Comparing in Table 2 the frequency and combinations of the various stone 
types amongst male and female patients with idiopathic uric acid lithiasis, a 
difference was observed, the females having relatively more mixed stones 
than the males. Moreover, of all males with idiopathic uric acid lithiasis 
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patients Patients with gout and uric acid stones 
Female Total Male Female 
No. o No. a No. o No. Y 


I3 40.7 23 79.3 I9 76 4 | 100 
A DT 3 10.3 3 I2 


AN os 
3 9.4 
Da BE: 
32 oo 29 00 25  IOO 4 | T00 


** The sign + indicates different stones in one patient. 


10.9% had calcium salt stones in addition to pure or mixed uric acid stones, 
whereas calcium stones were obtained from 28.2%, of the females with idio- 
pathic uric acid lithiasis. These findings may suggest that in patients with 
idiopathic uric acid lithiasis, sex has an influence on stone composition, the 
tendency to form mixed stones and pure calcium salt stones being more 
marked in the female than in the male. The number of female gouty patients 
with uric acid lithiasis was too small for a conclusion to be drawn as to sex 
having an effect on the composition of stones in the gouty patients. 


Various calcium salts in the stones 


Table 3 shows the chemical composition of the various mixed and calcium 
salt stones obtained from 67 patients suffering from uric acid lithiasis. In 
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TABLE 3 


Composition of mixed and calcium salt stones from 61 patients 
with idiopathic uric acid lithiasis and 6 patients with gout 
and uric acid lithiasis 


Composition of stones 


g Calcium salt Pure uvic 
Mixed srones stones acid stones 

Uric acid Ca-Ox-PO, dr 

Uric acid Ca-Ox + 

Uric acid Ca-PO, E 
Ca-0Ox-PO, — 
Ca-Ox — 
Ca-PO, + 

Uric acid Ca-0Ox-PO, Ca-Ox-PO, + 

Uric acid Ca-Ox Ca-Ox-PO, + 

Uric acid Ca-Ox Ca-Ox + 

Uric acid Ca-Ox Ca-PO, + 

Uric acid Ca-Ox-PO, Ca-Ox + 

Uric acid Ca-0Ox-PO, 

Uric acid Ca-Ox 

Uric acid Ca-PO, 

Uric acid Ca-Ox-PO, Ca-Ox-PO, 

Uric acid Ca-Ox Ca-Ox-PO, 

Uric acid Ca-Ox Ca-Ox 

Uric acid Ca-Ox Ca-PO, 

Uric acid Ca-PO, Ca-Ox 

Uric acid Ca-PO, Ca-PO, 


) Indicates 2 different stones in one patient. 


order to facilitate comparison, the patients were grouped according to Table 
2. Calcium carbonate and ammonium-magnesium-phosphate-containing 
stones were included under the heading calcium phosphate stones, since 
practically no pure calcium carbonate or ammonium-magnesium-phosphate 
stones or admixtures to uric acid were found. 

As may be seen from the table, 22 out of the 67 patients, 2.e. 32.8%, had 
calcium salt stones, composed of various calcium salts without admixture of 
uric acid. Four patients had voided 2 different kinds of “pure” calcium stones. 
Most of the mixed stones contained calcium oxalate: of the 61 mixed stones 
51 contained calcium oxalate (with or without other admixtures) and 39 
contained calcium phosphate (generally with other admixtures). The pre- 
dominance of calcium oxalate in the mixed stones is in line with the findings 
of Mugler [387] mentioned above. 
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Number of patients with 


Idiopathic uvic acid stones Gout and uric acid stones 
Male Female Male Female 
7 2 
II ! E 4 ! - I 
4 7) 2 
| 
I 
3 ! : I 
I I 
2 I 
I 
I I 
I 
I 
4 
9 2; 
3 I 
I I 
I ! E I 
I 


Calcium carbonate and ammonium-magnesium-phosphate- 
containing stones were included under the heading calcium 
phosphate. 

Rather surprisingly, calcium oxalate was not more frequent than calcium 
phosphate amongst the 26 pure calcium salt stones (in 22 patients), 19 of 
them containing calcium oxalate and 17 containing calcium phosphate, 
mostly with other admixtures. Ten of the pure calcium stones contained both 
calcium oxalate and calcium phosphate. It is noteworthy that in the indi- 
vidual patient who had both mixed uric acid stones and “pure” calcium salt 
stones, the calcium salt in the former was not necessarily identical with the 
calcium salt of the latter, whereas one might have expected the calcium salt 
to be identical in both. 


Composition, including patients with indirect evidence of uric acid hthiasis 


Thus far, the discussion of our uric acid stone material was based upon 
stones examined in our laboratory. In the following, we shall include also 
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TABLE 4 


Stone composition in all uric acid lithiasis patients, including 
thosein whom the diagnosis was based upon indirect evidence* 


Compostas Patients with Patients with idiopathicuric 
of uric acid stones Total Male 

Erareo No. % No. % No % 
Pure uric acid 109) 51.2 67 42.4 52 44.5 
Pure + mixed 41 19.3 SiS O pç 28 23.9 
Pure + Ca salt 6 2.8 4 2.6 4 3.4 
Pure + Ca salt + 

mixed*** RE (se (o) 5.7 5 4.3 
Mixed 38 17.8 So 22: 25) ZITA: 
Mixed + Ca salt 8 3 8 5.1 3 2.5 
Total 213 OO I58 Ooo II7 OO 


* Percentages relate to total number of patients in specific 
disease and sex groups. 
** The sign + indicates different stones in one patient. 


those patients from whom no uric acid-containing stones were obtained, but 
in whom the diagnosis of uric acid lithiasis was made upon the basis of in- 
direct evidence. The experience gained during the six years since the establish- 
ment of the metabolic clinic enables us to state with a fair degree of accuracy 
whether a patient has uric acid stone disease without having examined the 
stones. 

Basing our diagnosis, in addition to stone examination, on information 
from other hospitals and the indirect clinical and laboratory evidence de- 
tailed in Chapter 8, we have tabulated all our uric acid stone patients in 
Table 4. Since we doubted whether it was possible to determine roentgen- 
ologically the nature of the calcium salts in mixed stones, we have limited 
ourselves to the diagnosis of “mixed stones” in patients who presented dense 
shadows on X-ray, but from whom the stones were not obtained, and in- 
cluded them as such in Table 4. The presence in uric acid stone patients of 
pure calcium salt stones obviously cannot be ascertained without recourse to 
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acid stones Patients with gout and uric acid stones 


Female Total Male Female 
No. % No. Y% No. % No. E 


I5 36.6 42 76.4 36 75 67 7185:7 
A 5 7a! 6 To.g 5 IO.4 I 14.3 


4 9.8 2 3.6 2 4.2 
IO 24.4 3 5.5 3 6.2 
5 2 


41 IOO 55 IOO 48 oo 7 100 


*** This group includes 3 patients ffom whom a pure cal- 
cium salt stone was obtained and in whom the diagnosis of 
pure and mixed uric acid stones was made by X-ray. 


examination of the stones, since such stones may contain a small uric acid 
nucleus invisible on X-ray films. It is evident therefore that the number of 
patients with “pure” calcium salt stones in this larger patient material is 
certainly too low, since only those were included in whom stones were avail- 
able for examination. In Table 4, the number of patients with mixed stones is 
relatively higher than in Table 2, since a number of patients were now in- 
cluded who had voided only pure uric acid stones, but in whom mixed stones 
were found on X-ray. 

It will be observed in Table 4 that generally the relations are similar to 
those in Table 2. This similarity may be considered a good indication for the 
accuracy of the diagnosis of uric acid stones when based upon indirect data. 
With the provisions noted above, this table, therefore, may be assumed to 
give a fair indication of stone composition in the larger patient material. 
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TABLE 5 


Stone composition in uric acid lithiasis, idiopathic or asso- 
ciated with gout, as related to chronic urinary tract in- 


fection 
Composition Patients AU patienis with uric acid 
of with lúthiasis 
stones infection Total Male Female 
Pure uric I0g 88 21 
acid stones Number 37 28 (o) 
only % 33.9 31.8 42.8 
Al other 102 76 26 
stone types* Number 59 37 22 
Yo 57.9 48.7 84.8 
Phosphate- 33 21 EZ 
containing Number 27 I5 I2 
stones** “o 81.8 71.5 IOO 
Ca oxalate- 32 26 [o) 
containing Number I3 8 5 
stones*** o 40.7 30.7 55.6 


* All patients except those with pure uric acid stones only. 

** All patients whose stones contained phosphate, either in 

mixed stones or without admixture of uric acid. Included 
here are a very few patients with carbonate stones. 


Composition and infection of urinary tract 

It is generally accepted in the literature that pure uric acid stones and 
calcium oxalate stones are formed in acid sterile urine, whereas calcium 
phosphate stones in their various forms, except for apatite, and ammonium-— 
magnesium-phosphate stones are formed in the infected urinary tract [66, 
106, 266, 432]. In order to evaluate the role of infection in the formation of 
mixed stones of the different compositions and combinations found in our 
material, a correlation between stone type and the presence of urinary tract 
infection was sought for. 

It is reasonable to assume that in uric acid lithiasis patients, the formation 
of stones containing calcium salts will be influenced mainly, if at all, when the 
urinary tract infection is chronic. Our criteria for chronic urinary infection in 
the male patients were the repeated findings of many white blood cells and/or 
clumps of white blood cells in the urinary sediment. In the female patients, 
similar findings in uncatheterized urine were considered indicative of chronic 
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Idiopathic uric acid lithiasis 


Uric acid lithiasis and gout 


Total Male Female Total Male Female 
67 52 15 42 36 6 
20 I6 4 17 I2 5 
29.9 30.7 27.6 40.5 33.4 83.5 
89 64 25 13 2 I 
SI 29 29) 8 8 

57.2 45.4 88 61.5 66.7 

30 18 I2 3 3 

25 I3 I2 2 2 

83.5 72.4 IOO 66.6 66.6 

29 23 6 3 3 

II 6 5 2 2 

37.9 26.2 83.5 66.6 66.6 


*** All patients whose stones contained calcium oxalate but 
no phosphate, either in mixed stones or without admixture 
of uric acid. 


urinary infection only when a typical clinical history of one or more acute 
urinary tract infections in the past could be elicited. In those cases in which 
urinary cultures were made, in the male ofuncatheterized mid-stream urinary 
specimens, and in the female of catheterized specimens, the results were near- 
Iy always confirmatory of the diagnosis of infection based upon the presence 
of leukocytes in the sediment. 

Technical limitations inherent in the outpatient clinic work prevented 
catheterization and the adequate bacteriological examination in part of our 
patients. We are well aware of the fact that by those criteria, we will have 
underestimated the frequency of urinary tract infection in our patient 
material. 

It is observed in Table 5 that quite a high percentage of the patients with 
pure uric acid stones had chronic urinary infection—34%. This was unex- 
pected and not in accordance with the generally prevailing opinion in the 
literature mentioned above. 
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As may be seen from Table 5, infection was more frequent in the females 
than in the males. Especially high is the frequency of infection in females 
with gout and pure uric acid stones and in females with idiopathic uric acid 
lithiasis and mixed stones. 

Amongst the patients who had mixed stones and/or calcium salt stones, 
57.9% were found to harbour a chronic infection. When comparing the 
patients with pure uric acid stones only to those whose stones contained 
calcium phosphate (with or without oxalate), the difference in the percentage 
of patients with chronic urinary tract infection becomes much greater, 34 to 
82%. This high percentage of infection in the calcium phosphate group is in 
accordance with the literature which relates this type of stone to infection 
[432, 572]. The percentage of urinary tract infection in those patients who 
had admixture of calcium oxalate in the absence of calcium phosphate is 
similar to that in the pure uric acid group [40.7 and 34%]. This finding seems 
to indicate that in the uric acid stone patients, the formation of oxalate 
stones was not influenced by infection. 

The above differences hold in the group of patients with idiopathic uric 
acid lithiasis and in the males in this group. In the females with idiopathic 
uric acid lithiasis, there was a striking difference in percentage of infection 
between those with pure uric acid stones only and those with all other stone 
types. Infections in the gouty group were frequent, but because of the small 
number of patients it was difficult to gauge differences according to stone 
composition in this group. 


Composition and urinary pH 

The etiologic role of high urinary pH, such as that caused by urea-splitting 
organisms, in the formation of calcium phosphate- and carbonate-containing 
stones (except for apatite) is well known [432, 572]. A relation between 
urinary pH and stone composition in our uric acid lithiasis patients is pre- 
sented in Table 6. In each patient, the average morning urine pH was deter- 
mined in freshly voided morning samples obtained on various days. The 
average pH for each group of patients with specific stone composition was 
calculated. 

Itis seen from Table 6 that also in the uric acid lithiasis patients, phosphate- 
containing stones were associated with a higher urinary pH than pure uric 
acid stones. Calcium oxalate admixture, on the other hand, was not associ- 
ated with a marked rise in pH above that in the pure uric acid stone group. 
Statistical evaluation by the method of analysis of variance showed that the 
difference in urinary pH between patients with pure uric acid stones and 
those with mixed stones containing uric acid and calcium oxalate, was not 
very significant, P = 0.03. On the other hand, the difference in urinary pH 
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between patients with pure uric acid stones and patients with mixed uric 
acid-calcium phosphate stones was highly significant, P < 0.001, as was the 
difference between patients with mixed uric acid stones containing calcium 
oxalate and those with mixed uric acid stones containing phosphate. 


TABLE 6 


Stone composition in uric acid lithiasis, idiopathic and gouty, 
and average morning urinary pH 


Composition of stones Number of Average morning 
patients urinary pH 

Pure uric acid only 98 5.4 

Phosphate-containing 33 6.1 

Ca oxalate-containing* 2 5.6 


For explanation of stone composition groups, see legend of 
Table 5. 
* Patients with phosphate-containing stones excluded. 


Composition and kidney damage 

Kidney damage was rather frequent in our uric acid stone patients. 

It may be seen from Table 7 that kidney damage, as indicated by a urea 
clearance of less than 60% and urinary concentration test to less than 1018, 
was present in about one third of the patients with uric acid lithiasis ex- 
amined, and generally more frequent in the gouty patients than in those with 
idiopathic uric acid lithiasis. The significance of this finding will be elaborated 
upon in Chapter 6. Here, however, it may be pointed out, that the frequency 
of kidney damage according to the above criteria was not very different in 
the three groups of patients with different types of stones. Kidney damage 
was somewhat more frequent in those who had phosphate-containing stones, 
but the difference was not significant, P = 0.85. This is surprising in view of 
the frequent association of phosphate-containing stones and infection, and, 
as will be pointed out in Chapter 6 on laboratory findings, in view of the 
greater frequency of kidney damage in patients with urinary infection. It is 
possible that this discrepancy is due to the relatively smallnumber of patients 
in which these tests were carried out. A correlation between presence of 
phosphate-containing stones and kidney damage does, however, seem to 
exist, when the patients with severe kidney damage are evaluated. 
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TABLE 7 


Composition of stones and kidney damage 


Uvea cleavance 


EPE ORA Uric acid stone < 60% 
Ends patients Au Nocof 
patients patients Ur 
Pure uric Total MZ 23 31.9 
acid only Idiopathic 5I I3 25.5 
Gouty 21 IO Ro 
Phosphate- Total 31 II 35.5 
containing Idiopathic 26 9 34.6 
Gouty 5 2 40 
Ca oxalate- Total 26 il 26.9 
containing* Idiopathic 24 6 25 
Gouty 2 o 
Total I29 41 910.7 


* Patients with phosphate-containing stones excluded. 


Composition and hematuria 

Hematuria was more frequent in uric acid stone patients who had mixed 
stones than in those who had pure uric acid stones only, as may be seen from 
Table 8. This was to be expected, since mixed stones in general are of larger 
size and have a rougher surface than pure uric acid stones. Still, the per- 
centage of patients with pure uric acid stones only, who had hematuria, was 
considerable: 42.4%. Indeed, quite a number of these patients had large 
stones, many of which had a rough surface. 


Composition and wrologic surgery 
The number of uric acid lithiasis patients who had required surgery was 
considerable, 25.6% (see Chapter 5). 
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Concentration test Uvea cleavance + concentration test 
< IOIS8 Uvrea clearance + conc. test 
AU No.of AU e pr 
patients patients Y% patients No. of patients % 


38 I4 36.8 33 6 18.2 
28 7 25 25 3 I2 
IO 7 7º 8 3 37.5 
23 7 30.4 I9 3 I5.7 
I9 4 21 I5 2 13.4 
4 3 75 4 I 25 
IO 4 40 
3 75 7 
50 2 
JI 25 32.2 61 9 14.7 


Since pure uric acid stones are mostly small and smooth, whereas mixed 
stones tend to be larger and to have a rougher exterior, one might expect the 
frequency of surgical interventions to be closely related to stone composition. 
This assumption is borne out by Table 9. 

In patients with pure uric acid stones the percentage of those operated is 
13.9 as compared to 38.2 in the group of patients with other types of stone. 
Since a large number of the mixed stones was diagnosed by means of X-ray 
and their exact composition was not known, and since phosphate-containing 
stones are notoriously quick-growing, relatively often necessitating surgery, 
it was of interest to group the patients from whom mixed stones were obtained 
at operation, according to stone composition. It is seen in Table 9 that 68.8% 
of the patients who had phosphate stones had been operated, whereas out of 
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TABLE 


Stone composition and hematuria*, macroscopic and micro- 
scopic, in uric acid lithiasis 


ar All patients Idiopathic With gout 
Composition a at 
RA x No. Wath hematuria No. Wath hematuria EE Wath hematuria 
: No. E No. o No. e 
Pure uric acid 
only 85 36 42.4 62 27 43.5 23 9 39.1 
Other types 64 45 70.3 59 AZ GS) 6 3 5o 


* According to history or examination. 


those patients whose stones had admixture of oxalate without phosphate, 
only 25.7% had needed surgical treatment. This is a striking difference, 
holding true also for both the groups of idiopathic uric acid lithiasis and of 
uric acid lithiasis with gout, and points to the importance of urinary tract 
infection in promoting phosphate formation, thus raising the frequency of 
surgical intervention. 


TABLE 9 
Composition ofstones and urologic surgery in uric acid lithiasis 


Composition Al patients Idiopathic Wath gout o 

E dm Ni: Operated No. Operated Ns Operated 

No. % No. E No. % 

Pure uric 

acid only 108 15 13.9 60H r2 18.8 Azi so 
All other 

types* IO2 39 38.2 69. 37 41.6 13 2 15.4 
Ca phosphate- 

containing 32 22 68.8 PAG 56) 74.1 522 40 
Ca oxalate- 

containing** 31 8 25.7 29 8 27.6 2 


* According to stones examined and by X-ray. 
** Patients with phosphate-containing stones excluded. 
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It is of interest that for some reason, as yet unknown, there was less re- 
course to surgery in patients with uric acid stones and gout than in patients 
with idiopathic uric acid lithiasis. 


Size of stones 


As has been pointed out earlier in this chapter, the size of uric acid stones 
may range from small “sand” grains to staghorn. 

An interesting tabulation of kidney stones is given by Leonard [337] who 
arranged the stones according to dry weight. Amongst the calcium oxalate- 
phosphate stones, 6.7% weighed over 500 mg and 36.6% weighed between 
51 and 500 mg; 6.1% of the uric acid stones weighed more than 500 mg and 
39.4% weighed between 51 and 500 mg. Thus, in his material the percentage 
of large calcium oxalate-phosphate stones is the same as that of large uric 
acid stones. 

The size of the stones in our patients has been recorded in Table ro. 

Several facts are noteworthy. Whereas small uric acid stones were found in 
the large majority of the patients—157 out of 18361 patients had small 
stones only, the others having in addition medium-sized or large stones. The 
number of patients who had medium-sized or large stones was considerable: 
122 out of 183. Twenty three of these patients had staghorn stones (12.6%), 
7 pure and 16 mixed. 

There are two main differences to be noted between the group of patients 
with idiopathic uric acid lithiasis and those with gout and uric acid lithiasis, 
the former group having a higher percentage of medium-sized and large stones 
and a greater prevalence of mixed stones. 

Since the majority of the medium-sized and large stones in our material 
were mixed stones, in contradistinction to the group of small stones which 
were preponderantly pure uric acid stones, it is suggestive that admixture of 
calcium salts may be the explanation for the higher percentage of patients 
with medium-sized and large stones in the idiopathic group as compared to 
the patients with gout. The cause of the greater tendency to the formation of 
mixed stones in the patients with idiopathic uric acid lithiasis is not known. 
Two possible causes may be considered: urinary tract infection or an ad- 
dition almetabolic disturbance. Indeed, as will be shown later, urinary tract 
infection was more prevalent in the idiopathic uric acid lithiasis group. We 
have, until now, no evidence for a higher urinary calcium excretion in this 
latter group than in the group of patients with uric acid lithiasis and gout. 

It must be stressed again, however, that pure uric acid stones may grow to 
staghorn size also, as illustrated by the following case. 
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PABLENTO 
Size* of uric acid stones, pure and mixed, in 183 patients 


Nantes Small stones up to 0.5 cm 
of Pure Mixed 
patients No: % No; % 
Uric acid lithiasis 183 ES 71.6 20042 
Idiopathic 139 94 67.5 225, 
Gouty 44 37 84.1 3 6.8 


* Size was determined by measurement of stones obtained 
from the patients or estimated from the X-ray picture. 


Aadencia, dl 


Size of stones and kidney damage in patients with uric acid 
lithiasis* 


Small stones < 0.5 cm 


Uvea cleavrance Concentration test 
Disease ESA on 
AU No. AU No. 
patients of % patients of vd 
patients patients 

Uric acid lithiasis 00) 20) 207 33 I5 45.6 
Idiopathic 56 Giro I4 It E 
Gouty ARARAS EO) rio Era 


* Patients who had stones of different sizes are shown accor- 
ding to the largest stone they have had. 


Case No. 1. H.D., a 29-year old Israeli-born male manual laborer was seen first 
in our clinic in July, 1959. He had had right renal colics in 1955, when he had 
commenced to void numerous small stones and sand. Plain abdominal film and 
intravenous pyelogram at that time were negative. In May, 1957, he had recurrent 
right renal colics, hematuria, dysuria and attacks of fever and voided one olive- 
sized stone. Plain film and intravenous pyelogram again were negative. In De- 
cember, 1957, 1.e. about 7 months later, following recurrent right renal colics, 
X-ray studies were repeated and, whereas the plain film was again negative, the 
intravenous pyelogram showed hydronephrosis. Retrograde pyelography showed 
a large filling defect (Fig. 8). In January, 1958, right pyelotomy was performed 
and a large staghorn stone of about 5 cm diameter (Fig. 9) was removed piecemeal 
and found to consist of uric acid without admixture of calcium salts. 
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Medium stones 0.6-1.5 cm Large and staghorn stones 


Pure Mixed Pure Mixed 
No. vn ONO % No. % No. % 
24 Sail 50 DB I2 6.6 36 19.7 
no 20 45 824 8 Def 34 24.5 
qa RES jo ae 4 9.1 2 4.6 


Ofthe 139 patients with idiopathic uric acid stones: 50 appear 
in two columns (stones of different size or composition); 

I3 appear in three columns; 2 appear in four columns. Of the 
44 patients with gout and uric acid stones: 12 appear in two 
columns; 1 appears in three columns, 


Medium sized stones 0.5-I.5 cm Large and staghorn 


stones 


Urea cleavance Concentration test Uvrea cleavance Concentration test 
a DO < IoIS = o) = onone 
AU No. AW No. AU No. AU No. 
patients of %W patients of %W patients of %W patients of ai 
patients patrents patients patrents 

46 Ram As 29 no 24 DA8 7 354 290 150 517 
36 I4 38.9 24 2 8.3 42 SS 24 I2 50 
IO 5 OO 6 RG 687 5 s560 


7 79 5 


Size of stones and Ridney damage 
It might have been assumed that kidney damage is dire 


centage of patients with medium-sized stones than with 


percentage of patients with an abnormally low urea clearance was similar 
amongst patients with medium-sized stones and with large stones, but in- 
often in the latter 


ability to concentrate the urine was found relatively more 
group amongst patients with idiopathic uric acid stones. 


SE 


ctly related to the 

size of the stones. Table 11 shows, however, that this is only partially true. 
It is observed that kidney damage is found in a somewhat higher per- 

small stones. The 
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Fig. 8. Retrograde pvelogram of right kidney, large filling 
defect (Case No. 1). 
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Fig. 9. Staghorn stone composed of uric acid (Case No. 1). 
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SUMMARY 
Summary and conclusions 


Uric acid stones may be of varying size from sand grain to staghorn. Mostly 
they are small and smooth, but not uncommonly they are large and have a 
rough surface. Admixture with various calcium salts is frequent. 

In our uric acid lithiasis material, nearly all of which are upper urinary 
tract lithiasis cases, 56% of the patients had pure uric acid stones only. 
Amongst the gouty patients with uric acid lithiasis, 79.2% had pure uric 
acid stones only. Uric acid stone patients may have pure calcium salt stones 
in addition to pure or mixed uric acid stones. 

Chronic urinary tract infection was frequent in our uric acid stone patients. 
The highest percentage of patients with infection was found amongst those 
with stones containing phosphate. Uric acid lithiasis patients who had calci- 
um phosphate-containing stones had a higher morning urinary pH than 
patients with pure uric acid lithiasis. The frequency of kidney damage in uric 
acid lithiasis patients seemed unrelated to stone composition. 

Surgical intervention was much more frequent in the uric acid lithiasis 
patients who had calcium phosphate-containing stones, than in those with 
pure uric acid stones only or with calcium oxalate-containing stones. 


' Prevalence, Geography, Climate, 


CHAPTER 4 
Sex and Race 


Prevalence and geography 


Today, as it may have been throughout the course of man's history (see 
Chapter 1), uric acid lithiasis is a world-wide disease. 

It is probable that uric acid stone disease occurs in two more or less 
distinct forms, as uric acid stones in the upper urinary tract, 1.e. kidney- 
ureter, or as uric acid bladder stones, although there is no adequate evidence 
for the drawing of a sharp borderline between these two forms. In certain 
cases, uric acid bladder stones probably represent kidney stones which have 
descended into the bladder and both forms may possibly be related to the 
same underlying metabolic disorder. Nevertheless, the vast regional differ- 
ences and the apparently changing form of the disease during the course of 
time in the same region provide a strong argument for considering the two 
forms as “distinct” disorders. Thus, in some areas such as certain regions in 
Eastern Europe [257], India [324, 363, 536], Thailand [413] and China [525], 
which are notorious for the high prevalence of uric acid stones, the problem 
is mainly one of bladder stones and not of kidney stones [303, 413, 525, 548). 
Until about 1930, the literature concerned with stone composition often 
made no clear-cut distinction between bladder stones and kidney stones. In 
most of the reports, however, which mentioned a high proportion of uric acid 
stones as compared to other stone types, bladder stones, apparently, were 
predominant [545]. In a large material of stones, examined by Leroy d'Es- 
toille in Champagnat in the Igth century, uric acid stones were found to 
constitute 87 % [120]. Keyes [296] notedin 1917 that 80% ofallurinary tract 
stones were composed mainly of uric acid and that the calcium oxalate stones 
often have also an admixture of uric acid. He stressed the fact that “urate” 
calculi are found at least ten times more often im the bladder than in the 
kidney. Joly [284] also stated in 1929 that nearly all uric acid stones are 
bladder stones. In those areas of the world where malnutrition is common, 
such as in the Far East and India, a very high prevalence of uric acid bladder 
stones has been reported [35, 100, 257]. A sharp decrease in the incidence of 
uric acid bladder stones occurred following improvement of nutrition, 
whether or not causally related, for instance in England at the turn of the 
century [66, 257, 284, 504, 572]. Chronic cystitis due to Schistosoma haemato- 
brum às often associated with bladder stones and in regions where this para- 
site is endemic, such as in certain areas in the Middle East and Africa, 
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bladder stones are frequent [104], but according to Carayon et al. [104], 
bladder stones associated with schistosomiasis generally are calcium phos- 
phate stones. 

As far as can be gathered from the literature, uric acid urolithiasis in the 
Western World today is preponderantly an upper urinary tract disease, 
certainly in the U.S.A., Great Britain, Scandinavia, Germany and France. 
This is true also for Israel, situated on the border between East and West. 
The cause of this geographical difference in the prevalence of uric acid blad- 
der stone disease as opposed to upper urinary tract uric acid stone disease, 
and the cause of a possible shift from the former to the latter in recent times, 
are not known. 

Also in upper tract uric acid urolithiasis, there are marked variations in 
prevalence in these different regions, as may be seen from Table 12. 

Table 12 shows several interesting facts. The prevalence of uric acid stones 
is low in the Southern part of the U.S.A.,in Finland and in Great Britain. 
According to Jensen [282], the incidence of uric acid stones in Sweden and in 
Denmark was much higher in 1941, but recently Sallinen [460] reported that 
the percentage of uric acid stones out of all stones in Finland has steadily 
gone down. It is probable that the same phenomenon has occurred in the 
other Scandinavian countries, as born out by the study of Lagergren [321] 
from Sweden who, in 1956, found only 3.6% of the stones examined by him to 
be uric acid stones. Germany and Central Europe show a higher incidence, 
and France still higher, 20.6-23.6%. 

In Israel, the incidence is very high. In two different series, one published 
by Rosenthal and Launer [456] and the other by Lazebnik and Kimchi [323], 
17.9% (of random stones) and 33.3% (of stones surgically removed from the 
upper urinary tract) respectively were found to be uric acid stones. In our 
material, uric acid stones were found in 37.6% of the total number of stones 
examined, and in 39.5% of the total number of patients with urolithiasis. 

Our series of stones was obtained from three sources. Part of the stones 
were received from patients attending our Metabolic Clinic at the Beilinson 
Hospital, the others were sent to us for analysis by the Department of 
Urology of the Beilinson Hospital and from all over the country. The high 
figure of uric acid stone percentage in our patient material may be biased in 
view of our interest, which was known to the local practitioners and uro- 
logists, in uric acid stones and gouty patients. Nevertheless, the high per- 
centage of uric acid stones in our random stone material sent from all over the 
country seems to validate this high prevalence. Although the proportion of 
bladder stones in the random stone material examined by Rosenthal and 
Launer [456] in Israel in recent years is not exactly known, it is well es- 
tablished that bladder stones are very infrequent in the population from 
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DABLE2 


Prevalence of uric acid stones, pure and mixed, according 
to the literature and in our material 


Year of 


Authors Country Publication Reference 
Suby ESTAS 1948 513 
Prien ESTAS 1949 431 
Carroll, Brennan ESTA 1952 106 
Muellner, Sears ESTA 1952 385 
Boyce, Garvey, Norfleet U.S.A. 1955 69 
Twinem ESTAS 1956 536 
Melick, Henneman (USE 1958 372 
Nicholas, Leifeste South U.S.A. 1958 398 
Hughes, Coppridge, 

Roberts South BESSA. Ig6o DE 
Leonard Son USA 1961 337 
Nicholas South U.S.A. I96I 397 
Badenoch Great Britain 1960 24 
Murphy, Pyrah Great Britain 1962 391 
Hellstrôm Sweden I938 251 
Jensen Denmark, Sweden 1941 282 

Sweden 

Lagergren Sweden 1956 321 
Sallinen Finland 1959 460 
Krizek Central Europe 1957 316 
Ebbinghaus, Prieber Germany Ig6o 156 
Peper Germany I960 415 
Loeper, Cottet France 1955 345 
Cottet, Weber France I959 I25 
Lazebnik, Kimchi Israel 1958 323 
Rosenthal, Launer Israel 1959 456 
Our material Israel 1962 


which these stones were obtained. In our material uric acid bladder stones 
were rare, 30 only amongst all the stones examined. Moreover, most of the 
patients with uric acid bladder stones had a history of renal colics or had in 
addition to their bladder stones, renal stones. Thus, the urolithiasis in our 
patient material was primarily a disease of the upper urinary tract. 

The reason for the marked variation in the frequency of uric acid stones in 
the world is unknown. Although in mixed stones, a uric acid core may be 
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Total number - Uyic acid 


examined stones Remarks 
Patients Stones % 
IO 
1000 5.8 
100 IO 
6-8 
500 7.6 Upper urinary tract 
5 
207 10.6 Upper urinary tract 
1700 2.6 
287 1.8 Nearly all upper urinary tract 
742 4.3 Upper urinary tract 
2500 3.6 
586 2.9 Including patients from other 
countries 
250 5.7 
5.0 
6.3 
13.1 
3.6 Upper urinary tract 
I42 2.4 Upper and lower urinary tract 
14.8 
94 94 12.8 Upper urinary tract 
440 5.2 Only pure uric acid stones 
IIÓ 20.6 Upper urinary tract 
179 23.3 Upper urinary tract 
306 33.3 Surgically removed from upper 
urinary tract 
897 17.9 
649 37.6 | Nearly all upper urinary tract 
544 39.5 


missed when only the outer part of the stone is examined, it seems improb- 
able that these contrasting observations in the various regions are due to 
careless examination of stones. No doubt, the cause of the variation must be 
found in genetic, and/or environmental factors. Of great interest in this 
respect is the high incidence of uric acic lithiasis in the series of 77 gouty 
patients, attending our Metabolic Clinic. Out of these 77 gouty patients, 
55 have urolithiasis. In 29 of these, the diagnosis of uric acid lithiasis has been 
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confirmed by stone examination. This is an excessively high incidence of 
urolithiasis in a series of gouty patients, when compared with series from 
other countries (see Table 32), such as for instance in the series of Gutman 
and Yiú [229] and of Talbott and Terplan [518] in the U.S.A.: 12 and 16.8% 
respectively. The high prevalence of uric acid lithiasis in Israel cannot be 
explained by the incidence of gout in this country, which is certainly not 
higher than in other countries with a much lower prevalence ofuric acid stone 
disease. 

Nephro- and ureterolithiasis in childhood are rare [533], and the material on 
uric acid nephrolithiasis in the pediatric literature is scant. Widely divergent 
figures from I0-50% or more, are given in the literature discussing the 
prevalence of uric acid lithiasis amongst all cases of urolithiasis in childhood 
[35, 100, 315, 392, 458, 571]. In most of these reports, again no clear differ- 
ence was made between nephro-ureterolithiasis and cystolithiasis. 

In a recent report from Turkey a very high prevalence of uric acid nephro- 
and ureterolithiasis in young children was noted and thought to be due to a 
protein-deficient diet [159]. We have examined the urinary tract stones of 
18 children, aged 1-12 years from the Pediatric Department at the Beilinson 
Hospital. None of these children suffered from bladder stones. Eight of the 
stones had been surgically removed. Four of the children had pure uric acid 
stones, 10 had mixed uric acid stones and 4 had calcium oxalate stones. The 
preponderance of the uric acid stones in this small series of children with 
urolithiasis of the upper urinary tract is surprising. All these children were 
born in Israel. The parents of 15 of them hailed from Mediterranean coun- 
tries, the parents of the other 3 immigrated from Northern and Central 
Europe. All 3 children from European parents had uric acid stones. No signs 
of malnutrition were observed. Urinary infection, however, was frequent. 

In considering the large variations in frequency of uric acid stones, it 
should be noted that statistics on the composition of stones are not always 
comparable, even when the term “random stones” is used. The number of 
bladder stones should be noted since stones originating in the bladder may 
have a different etiology and composition than primary kidney stones. A 
series of bladder stones will generally show a larger percentage of uric acid 
and calcium phosphate stones than a series of upper urinary tract stones, 
since oxalate stones are mainly found in the upper urinary tract. Moreover, 
stones obtained in an outpatient clinic such as ours, where mainly patients 
with severe stone disease (bilateral and/or recurrent urolithiasis) are admitted 
for investigation and treatment, will probably differ in percentage-compo- 
sition from those obtained in a urologic department or from a group of 
general practitioners. In communicating percentages of stone composition, 
detailed information should therefore be given about the origin of the stones: 
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primary bladder stones (%.e., from patients without nephro- and/or uretero- 
lithiasis according to history and X-rays), spontaneously voided stones, 
surgically removed stones, etc. It would also be of great importance to know 
the age and sex of the patient, whether his urine was infected and whether 
the stones were the patient's first ones. Only very few authors, however, give 
some of these details, notably Cottet [125]. 

Much further work is needed to map uric acid stone disease in the world. 
In view of the serious nature of the disease and the existence of rational 
preventive measures (see Chapter 10), such a world-wide survey is urgently 
indicated. This, of course, is true of urolithiasis in general. 


Climate 


The influence of climate on uric acid stone formation is unknown. The high 
prevalence of uric acid bladder stones in some hot regions of the world may as 
well be due to malnutrition, and, possibly, may be enhanced by dehydration 
[525, 545], the frequent concomitant of high environmental temperature. 

In the Pensacola area in Florida (U.S.A.) where nephrolithiasis is relatively 
frequent, Leonard [337] found 4.3% uric acid stones amongst all stones 
examined. During the hot summer months the incidence of urolithiasis in- 
creased by 50%, but no change in the relative frequency of calcium- and 
magnesium-containing stones was observed. No data were included on a 
change in the relative frequency of uric acid stones, but because of their low 
percentage in this material a slight, though significant, change in frequency 
may have gone unnoticed. 

Several other investigators in hot areas noted a sharp rise in the incidence 
of urolithiasis in the hot season [94, 306, 419, 435, 436], or in groups of 
subjects who were transferred from temperate to tropic or subtropic climates 
[377, 419, 536, 545). Unfortunately, however, the stones were either not 
examined, or no exact percentages of stone composition were reported. Wil- 
son [570] found a much higher frequency of uric acid stones amongst soldiers 
from New Zealand stationed in Egypt during the second World War, than 
amongst the general population of New Zealand with its temperate climate. 
From our own material, we are as yet unable to draw valid conclusions as to 
the influence of climate on stone composition. Preliminary studies [278] have 
shown high urinary uric acid concentrations in “healthy” agricultural 
workers in the hot southern desert region of Israel, but the significance of this 
finding in respect to stone formation is unclear. 


Sex 


Surprisingly little information could be found in the literature on the inci- 
dence of uric acid stone according to the sex of the patients. Concerning upper 
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urinary tract uric acid lithiasis, the following reports may be mentioned. Of 
the 17 non-gouty patients with uric acid urolithiasis investigated by Melick 
and Henneman [372], 10 were males and 7 were females. In Badenoch's series 
[24] of 21 uric acid stone patients, none of whom had gout, there were 20 
males and 1 female. Cottet [121] found amongst 39 patients with uric acid 
stones, 35 men and 4 women. In a later publication, he described a series of 
7o patients with uric acid lithiasis, including 7 women [124]. 

Concerning uric acid bladder stones, it must be kept in mind that, both in 
children and 11 adults, bladder stones of all types are much more common in 
males than in females [r1, 257, 284, 363, 413, 572]. According to some 
authors [257, 554] bladder stones are preponderantly uric acid stones in both 
sexes. 


TAMBNLAS, US 


Distribution of various stones in our patient material ac- 
cording to sex 


Disease No.ofpatients Male % Female % 


Uric acid lithiasis 


total 213 PÁTIO) 22.5 
idiopathic 158 74.2 25.8 
gouty 55 87.3 2 
Calcium salt lithiasis I50 RINS 2X 
Cystine lithiasis 23 43.5 56.5 


Table 13 shows the sex distribution of our uric acid stone patierts. For 
comparison the incidence of calcium and cystine stone in out-patients at- 
tending our metabolic clinic, grouped according to sex, is shown. The overall 
ratio of males/females in the uric acid stone patients is about 3.5 :1. A 
smaller ratio is found in the idiopathic uric acid stone group, 2.920 lh 
patients with gout and uric acid stones, however, the ratio is much higher, 
7: 1. This very high male/female ratio in the gouty uric acid stone patients 
parallels the male/female ratio of 6.7 : rin thetotalseries of 77 gouty patients 
under our care. The frequency of uric acid lithiasis amongst the male gouty 
patients is 48 out of 67 1.e. 71.6%,, and amongst the female gouty patients 
7 out of 10 2.e. 70%. Thus both our male and female gouty patients have the 
same marked tendency to uric acid stone formation. 
| In a series of 191 gouty patients, described by Talbott and Terplan [518] 
there were 183 males, 30 of whom, i.e. 16.4%, suffered from renal stones, and 
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8 females, 2 of whom had renal stones: again, there is not much difference 
between the incidence of stones, presumably uric acid stones, in the gouty 
male and female patients. On the other hand, in the very large material of 
gouty patients of Kuzell et al. [319], 5.3% of the males suffered from uro- 
lithiasis, whereas less than 1%, of the females were afflicted. In various mono- 
graphs on gout we found no adequate information on the sex distribution of 
urolithiasis, only the overall incidence of uric acid stones in gouty patients 
being noted [516, 557]. De Seze and Ryckewaert [140], however, in their 
extensive monograph on gout cited several authors who found that the 
incidence of urolithiasis amongst their gouty patients was less in the females 
than in the males. Although de Seêze and Ryckewaert were reluctant to con- 
firm or disprove these statements because of the small number of their gouty 
female patients, they had the impression that the ratio male/female uro- 
hthiasis in gouty patients, given by the various authors cited by them, was 
much too high. 

In our calcium stone patients the ratio male/female is 2.5 : 1, which is in 
accord with the sex ratios generally found in urolithiasis [66, 572]. In our 
cystine stone patients the number of males is nearly equal to that of females. 

It may be summarized, therefore, that the sex distribution in patients with 
idiopathic uric acid lithiasis is approximately equal to that in patients with 
calcium salt lithiasis, whereas, in gouty patients, the male/female ratio of 
urolithiasis is higher than in patients with calcium salt lithiasis, but im 
accordance with the ratio of male/female gouty patients. 

As will be discussed in Chapter 9, the sex ratio in uric acid lithiasis in 
some families with a very high incidence of idiopathic uric acid stones ex- 
amined by us, was nearly 1 : 1. In these families, which were considered to 
have a hereditary tendency to uric acid stone formation not related to gout, 
the uric acid lithiasis behaved, therefore, like cystine lithiasis in families with 


cystinuria. 
Race 


As was pointed out at the beginning of this chapter, uric acid bladder stones 
seem to be prevalent in certain areas ofthe Far East, whereas they are less fre- 
quent in the Western part of the world. Whether this geographic difference 
in incidence is related to race, is not clear, as marked differences in nutrition 
and hygienic conditions may play a role in the etiology of this disease. 
Little is known about the racial incidence of uric acid nephrolithiasis, with 
which the remainder of this chapter will be concerned. Negroes have a re- 
markably low overall incidence of urolithiasis [419, 435, 544, 545] and, pre- 
sumably, uric acid urolithiasis is equally rare among them, since no special 
mention has been made of its prevalence. Amongst the 14 patients with idio- 
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pathic uric acid stones described by Melick and Henneman [372], II were 
Italians and 2 were Jews. In a more recent publication, Henneman et al. [256] 
reported that in an extended series, half of the 67 uric acid stone patients 
were Italians and Jews. Badenoch [24] counted 6 Jews and one Italian 
amongst 21 patients with uric acid stones, but he concluded in his discussion 
on the etiology that a “racial origin” was unlikely. A high incidence of uric 
acid stones amongst all stones and of uric acid stones amongst gouty patients 
is reported from France (Table 12 and Table 32). 

Another striking observation in this respect is the report by Eckstein [159] 
from Turkey, in which a high incidence of uric acid nephro- and uretero- 
lithiasis amongst Turkish children was described. According to that author, 
the upper urinary tract uric acid lithiasis in the Turkish children was proba- 
bly caused by a protein-deficient diet. This assumption, however, seems 
questionable, since in other regions of the world in which the diet is protein 
poor, vesical uric acid stones are by far more prevalent than upper urinary 
tract stones. 

In view of these reports and of the high prevalence of uric acid nephro- 
lithiasis in Jews living in Israel, the possibility might be considered that this 
is a disease of people of Mediterranean origin. The finding of uric acid stones 
in the Egyptian mummies, mentioned in Chapter 1, would be in line with 
such a supposition. However, additional investigation into the ethnic origin 
of patients with uric acid lithiasis, both idiopathic and gouty would be re- 
quired to verify this hypothesis. In this connection it would be of special 
importance to know the incidence of uric acid stones amongst patients with 
urolithiasis of the upper urinary tract in the Arabic countries. Unfortunately, 
we did not find any exact relevant information in the medical literature. An 
interesting but as yet unexplained finding is the relatively large number of 
Jewish Polish immigrants and Jewish Syrian immigrants among the patients 
with uric acid nephrolithiasis in our patient material. 
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History 


In general the urologic history of the uric acid stone patient is similar to that 
of patients with other types of stones. There are, however, some distinctive 
features in the history of the patients which may lead the clinician to suspect 
or even to diagnose uric acid lithiasis with considerable certainty. These are 
the passing of numerous small smooth reddish stones and reddish “sand”, 
negative X-ray findings in spite of numerous renal colics and/or filling defects 
on intravenous or retrograde pyelography, a history of uric acid stones in the 
family and a history of gout in the patient and/or in his family. 


Stones and colics 

Many uric acid stone patients mention the frequent voiding of “red sand”. 
Examination of such “sand” shows that it consists of small concrements of 
varying size, visible to the naked eye (Fig. 2). In some instances the patients 
actually describe the voiding of a stream of yellow-reddish material. Whilst 
the passage of the sand may not be felt, it often causes a “gritty” feeling in 
the urethra and sometimes actual pain. In some cases it is preceded by a 
colic. According to Suby [513], Chute [r12] and Higgins [266], showers of 
crystals may also cause colics. According to our experience, however, this is 
questionable, since many patients may have constant massive uric acid 
crystalluria over a period of years without having colics, until stones or 
“sand”, 2.e., small concrements appear. Often, the patients describe the 
appearance of a heavy sediment of concrements after the urine has been 
standing for a short time, e.g. 15 min, in a container. By taking the history, 
this type of sediment can be differentiated from the “sedimentum lateritium”, 
composed mainly of urate crystals, which may appear in the urine of normal 
subjects especially in case of fever, or after the urine has stood for more 
prolonged periods of time. Macroscopically, the sedimentum lateritium does 
not show concrements. 

Many patients pass numerous stones during the course of years. Some may 
pass hundreds of small smooth round stones in a few months. Armstrong and 
Greene [17] pointed out that if a patient passes small uric acid stones, they 
are often very numerous. When describing these small stones, the patient 
often stresses their uniformity of size and colour, mostly reddish-brown, 
sometimes yellow or even grey. There is no correlation between the frequency 
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of colics and the passing of stones. Some patients may void numerous small 
stones without colics whatsoever, others may have frequently recurring 
colics for many years without being aware of ever having voided a stone. It is 
of interest that in our patient material, there were no striking differences 
between the groups of gouty and non-gouty uric acid stone patients as to the 
frequency of stone voiding or colics. 

A typical history for uric stones is the voiding of large numbers of small 
stones within short periods of time alternating with free intervals ranging 
from a few months to several years. Some of the features mentioned hitherto 
are well illustrated by the following cases. 


Case No.2. L.J.,a 33 year-old Israeli-born office worker, father ofthree children 
was admitted on 5.1.1958. Many of his relatives, on both his mother's and his 
father's side suffered from kidney stones; there was no family or personal history 
of gout. In 1956, he began to suffer from renal colics, first on the right and soon 
also on the left. A plain film taken at that time was normal. Intravenous urog- 
raphy showed hydronephrosis of the left kidney, but no filling defects were seen. 
In the same year he started to void numerous small reddish stones, about 300 
within two months, sometimes accompanied by hematuria and sometimes by 
dysuria. During the period 1956-1958, he discharged a tremendous number of 
small stones and had numerous colics. 

On admission to our department he had frequent colics and discharged many 
small smooth reddish stones and reddish sand. The urine contained a trace of 
albumin, a few hyaline casts and red cells and there was heavy uric acid crystal- 
luria. The pH of the morning urine ranged from 5.0 to 6.0, the specific gravity 
was 1030, cultures were sterile. The blood urea was 30 mg %, urea clearance 48 %, 
serum uric acid 4.6-5.4 mg%, 24-h uric acid excretion 759-882 mg. The stones 
consisted of pure uric acid. Plain abdominal film and intravenous pyelography at 
this time were without pathological findings. Idiopathic uric acid lithiasis was 
diagnosed. Treatment by large fluid intake and alkalinization of the urine pre- 
vented further stone formation during a follow-up period of four years. 


Case No. 3. S.S., a 53-year old male architect, born in Iraq, father of three 
children, immigrated to Israel in 1951. There was no personal or family history 
indicative of gout. His oldest son, aged 23 years, suffers from urolithiasis. 

At the age of 49, the patient experienced difficulty in passing his urine and 
slight, continuous, non-colicky pain in both flanks. These symptoms recurred 
every 1-2 months for a few days. In 1959, halfa year prior to his first visit to our 
clinic, he had a severe right renal colic which was followed by expulsion of several 
small smooth reddish-brown stones. From then on, he expelled from a few up to 
as many as 50 stones a day. All the stones were of the same appearance, their size 
ranging from 2 to 5 mm (Fig. 2). After the first few colics, pains did not recur and 
the stones were expelled painlessly. He had never had fever or signs of infection 
of the urinary tract. 

The patient brought us hundreds of these stones, mostly composed of pure 
uric acid, whilst others were mixed stones with a nucleus of uric acid, covered 
with a shell of calcium oxalate or calcium carbonate and phosphate. The patient's 
urine did not contain albumin or formed elements, but heavy uric acid crystal- 
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luria was noted on several occasions. The morning urinary pH was low ranging 
from 4.7 to 5.3. The serum uric acid was 5.1-5.6 mg %. The 24-h urinary uric 
acid excretion on a low purine diet was 650 mg. A plain abdominal film and 
intravenous pyelography were both negative. Treatment by large fluid intake 
and alkalinization of the urine has prevented further stone formation up till the 
present. 


These two case reports illustrate well the typical history of those patients 
with idiopathic uric acid stones who form numerous small stones over long 
periods of time. Many of them do not suffer from urinary infection, acute or 
chronic. Often the stones are expelled painlessly and they generally do not 
require surgery. Even after many years of suffering and the expulsion of 
hundreds or thousands of these small stones and voiding of large amounts of 
reddish “sand”, the kidney function often remains remarkably good. In these 
patients, truly spectacular results can be obtained by simple preventive 
treatment. This type of patient is considered typical for uric acid stone 
disease by various authors [9, 140, 147, 303, 349, 385, 454]. In our uric acid 
stone patient material, however, they constitute only about 25%, of all cases. 
The majority of our uric acid stone patients is clinically different, often 
having larger stones with or without small ones; infection in them is frequent 
and urologic surgery is required fairly often. 

In our experience, as in that of Loeper and Cottet [345], stones recurring 
even after many years in patients who once have voided uric acid stones, 
generally are composed of uric acid. The following is a typical case. 


Case No. 4. A.A., a 54-year old Polish male agricultural worker, immigrated to 
Israelin 1929, married but childless, was seen first in 1960. He had no information 
whatsoever about his family. 

At the age of 29, he started to suffer from bilateral renal colics, expelling many 
stones and much reddish sand during the course of three years. All stones were 
similar in appearance: smooth, reddish-yellow and about 2-7 mm in size. He had 
many attacks of fever apparently due to recurrent pyelitis. For a period of 14 
years, from the age of 32, he was without any symptoms. As far as he was aware, 
the sudden disappearance of his symptoms could not be ascribed to a change in 
diet, work or to any other conceivable cause. In 1949, bilateral colics reappeared 
and anuria, accompanied by high fever and profuse continuous vomiting, sudden- 
ly developed, necessitating urgent admission to another hospital. After two days 
of conservative treatment his condition improved, and after several more days he 
was discharged. The patient did not remember having expelled stones during the 
short period between the reappearance of the colics and his discharge from the 
hospital. 

During the next eight years, he was not troubled by stones until 1957, when 
suddenly and without any obvious cause, right renal colics reappeared. Following 
a two-year period of recurrent renal colics and fever, a partially calcified stone, 
about 1 cm in diameter, was found blocking the right ureter. The stone was . 
surgically removed in 1959. It consisted mainly of uric acid with an admixture of 
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calcium phosphate and carbonate. Since then he has been showing evidence of 
chronic pyelitis with infected urine and right-sided tenderness. Several acute 
exacerbations with fever occurred. During the year following the operation, 
many small pure uric acid and some mixed stones were expelled. In 1960, left- 
sided colics appeared accompanied by high fever. A large, partially calcified stone 
was found in the left kidney which was hydronephrotic and did not excrete con- 
trast material. The right kidney seemed normal. Left nephrectomy was per- 
formed. The stone was found to be composed of uric acid and calcium salts. 

Since 1960, the patient has been suffering from typical gouty arthritis. His 
serum uric acid is elevated, around 7.5 mg %, his daily urinary uric acid ex- 
cretion on a low purine diet is 2720-554 mg. His urea clearance is 45% of normal 
and his urine contains a trace of albumin, many leukocytes and granular casts. 
He is being treated with probenecid, colchicine, low purine diet, large fluid intake 
and alkalinization of the urine. 


This is one of many patients who have episodes of uric acid stone formation, 
interspersed with prolonged periods of quiescence. In none of these cases 
were we able to find a reasonable explanation for this phenomenon. No re- 
lation could be found in any of these patients between the episodes of stone 
formation or quiescence and urinary tract infection, diet, fluid intake, living 
habits, working conditions, climate or any other factors. 

Such case histories prove that uric acid lithiasis is a chronic disease, the 
course of which can neither be predicted on the basis of a large clinical 
experience, nor from the patients” past history. One must assume that in 
these patients, the tendency to uric acid stone formation is constantly present 
and that under unknown conditions, this tendency results in stone formation. 


Age and duration 

Considerations of the age at which uric acid lithiasis appears would be 
biased when based upon our patient material, since, in general, young child- 
ren are not referred to our clinic. On the other hand, an analysis of our patient 
material will show trends in the adult group, especially when compared to 
our calcium stone patient material, which has the same limitation as to age 
of referral. 

The age of our first 167 patients at the time of referral to the clinic or for 
hospitalization is shown in Table 14. It should be noted that a few of these 
patients were hospitalized for reasons other than urolithiasis, such as gout or 
unrelated diseases. 

Inspection of Table 14 shows that most patients were seen first between the 
ages 40-60 years, which holds true irrespective of sex or association with 
gout. Of the patients with idiopathic uric acid stones, 26.6% were below the 
age of 40, whereas only 15.2% of the patients with gout were below that age. 
Armstrong and Greene [17] noted amongst their 117 patients with uric acid 
lithiasis the highest frequency in those over 60. 
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TABLE 14 
Age of patients with uric acid lithiasis at the time of their first 
visit to our clinic or their first hospitalization in our depart- 


ment 
Total Idiobathi 
Es PARA dm topathic Gouty 
years of No. of No. of 


patients patients Male Female patients Male Female 


6-10 2 2 2; 

II-20 4 3 I 2 I I 

21-30 II II 7 4 

31-40 23 177 I3 4 6 6 

41-50 51 40 28 I2 II Eg 

51-60 6o 37 Di] IO 23 2 2 
61-70 16 II 9 2 5 2 
Total 167 I24 87 34 46 42 4 


The age at which the first symptoms of urolithiasis appeared in our uric 
acid stone patients is given in Table 15. Similar data on our calcium and 
cystine stone patients are given for comparison. 

As may be seen from Table 15, 52.5% of all uric acid stone patients who 
attended our clinic gave a history of having experienced their first symptoms 
of urolithiasis between the ages 31-50 and 90.0% between the ages 21-60. 
Practically the same percentages are found in the group of patients with 
idiopathic uric acid stones as in the group with uric acid stones and gout. 
When comparing each particular age group, however, it is seen that in age 
group 21-30, there are relatively more patients with idiopathic uric acid 
lithiasis: 22.5%, than with uric acid lithiasis and gout: 12.7%. In the age 
group 51-60 the opposite holds true, the gouty patients being more frequent 
than the idiopathic: 25.5 versus 15.0%. Statistical evaluation, however, 
(t-test) showed these differences to have no significance, P = o.1. The data 
in Table 15 show that uric acid urolithiasis tends to appear at a higher age 
than calcium salts urolithiasis, both in patients with idiopathic uric acid 
stones and in patients with gout and uric acid stones. Whereas 90% of the 
patients with uric acid lithiasis are included in the age group 21-60, 92.5% of 
the calcium salt stone group fall into the age group 11-50. In the age group 
11-20, uric acid lithiasis became first manifested in 5.3% of the patients, and 
calcium lithiasis in 16.7%. The difference in frequency in the age group 11-20 
is statistically significant, P = 0.05. The fact that there was a general tenden- 
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TABLE 15 

Age of firstappearance of symptoms of urolithiasis in patients 
suffering from uric acid lithiasis, calcium salt lithiasis, and 
cystine lithiasis 


Uric acid lithiasis 


Age AU patients Idiopathic 
Total Male Female Total Male Female 
NO. A No. EN No. e ENO: Y No. % 


AN 
ages 206 I0O0 150 I00 47100 I5I IOO III IOO0 40 I00 
o-IO 2h Brioj EN Gio 3 2 oa Ra 


TED Biiojo MOMEL Zi Siáo 
19:27 34) 22"5 820 28:05 


II-20 II 5.3 5 31 6 6 
[o) 8 

31-40) REA 8 30.119) TorA e zo ns 22 So os 
9 8 
8 


21-30 41 I9.9 32 20.2 


41-50 51 24.8 42 26.4 To 30) 28.9 28) 251 
SI-6o 38 18.5 26 “16.412 25.5 24 I5.9 I6 14.4 
61-70 AM REQ 2 rig 2 SO EO 2 riso Ras 


Percentages refer to number at top of each column as 100%. 


cy for calcium lithiasis to appear at a younger age than uric acid lithiasis in 
our material is in agreement with the findings of Cottet and Vittu [124], 
whose series comprised 70 patients with uric acid lithiasis, and the findings of 
Henneman and coworkers [372], first in a smaller patient material and also 
later in a larger series [256]. In our cystine stone patients, the stones tended 
to appear at an even earlier age, which is in accordance with the literature 
[100, 290]. 

Idiopathic uric acid lithiasis appeared in our male and female patients at 
about the same age. In the few female uric acid stone patients who had also 
gout, however, the lithiasis appeared mainly in the high age groups. This may 
be related to the fact that gout in females generally appears at a higher age 
than in males [319, 489, 575]. The age of male and female calcium stone 
patients when the symptoms first appeared was remarkably similar. The 
cystine group is too small to permit evaluation in this respect. 

Uric acid lithiasis may start at a very early age, the youngest patient in 
our material was one year old. It is of interest to note, however, that uric acid 
lithiasis may make its first clinical appearance in old age, four of our patients 
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Number of patients 


Calcium salt lithiasis Cystine lithiasis 


Gouty 
Total Male Female Total Male Female Total Male Female 
No E No: % No % No % No. Vo RN Or GINO: NO Ev INTO 


55 100 48100 7 100 50 IOO 07 IOO 43100 23100 IO I00 13100 


DORES To C2tr Lo SEG Sh PR sy Ri O ai GS 
Loo lie ds eSigs 250 BLO:/0 L/R ESiO PS LS OS 2 Tt LO FADOS 
REZA 3 35:30 307 133:0/ 170 30.510 43.584] 40) 16) 46:T 
I6 29.2 16 33.4 AA OS SG SO ORI ONES RES, 22 O TRA 
o DAENiR o GIO REBSÁ TO Rech UG Reg SIG SEDE 7 Vs NT tz 17.7 


BANS o LO o SEA se A 20 Aq TO RA IO 
E PTOS DRA 3 


having had their first symptoms above the age of 60, the oldest at the age of 
70. In contradistinction to the uric acid stone patients, none of our calcium 
stone patients had their first symptoms related to stones after the age of 60. 
The two patients representing the youngest and oldest age of clinical ap- 
pearance of uric acid lithiasis in our series, are reported below. 


Case No. 5. W.E. This child had had abdominal pains from the age of four 
months and hematuria at the age of nine months followed by urinary retention. 
A stone was palpated in the urethra and removed by manipulation. The stone 
consisted of pure uric acid. After a few weeks, colics and hematuria recurred and 
intravenous urography showed a stop in the right ureter. A stone, again composed 
of uric acid, was passed after right ureter catheterization. Examination at our 
clinic revealed microscopic hematuria, massive uric acid crystalluria, a morning 
urinary pH of 4.8 and a 24-h urinary uric acid excretion of 53-122 mg. 

Alkalinization treatment and large fluid intake were instituted and there was 
no recurrence of colics, hematuria and uric acid crystalluria during a follow-up 
period of two years. Treatment continues and the child develops normally. This 
child belongs to a family with a high frequency of uric acid lithiasis, but without 


gout (Chapter 9, Fig. 39). 
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Case No. 6. W.D., a 74-year old Israeli-born male, former office worker, with- 
out a personal or family history of gout or joint pains, began to suffer from renal 
stones at the age of 70. He had bilateral renal colics and voided numerous small, 
smooth reddish-brown uric acid stones and large amounts of sand. He passed 
hundreds of small stones monthly and had dysuria due to sand with every mictu- 
rition. From time to time he observed hematuria. All stones as well as the sand 
obtained from the patient were found to be composed of uric acid only. The pH 
of his morning urine fluctuated between 4.8 and 5.4. The urinary sediment con- 
tained a few red cells and heavy uric acid crystalluria was noted in all urinary 
samples examined. The serum uric acid was 4.5 mg %, the daily urinary uric 
acid excretion was in the normal range: 580 mg per 24 h. À plain abdominal film 
was normal. On intravenous pyelography, the right kidney was found to concen- 
trate the contrast material poorly, but no filling defects were visible; the left 
kidney excreted normally. 


These two patients demonstrate the extremes of age at which uric acid stones 
may make their first clinical appearance. Though the average age at which 
the first clinical sign of urolithiasis in uric acid stone patients appears is 
higher than that in patients with other types of stones, no age is exempt from 
this disease and both the pediatrician and the geriatrician should be alert to 
the possible presence of uric acid stones in patients with urolithiasis. 

In three families with a very high frequency of uric acid lithiasis (Chapter 
9), the age at which the first clinical signs appeared varied widely, from 
less than one year (case No. 5) to 70 years. There seemed to be a general 
tendency for stones to appear at an earlier age in successive generations. 

The prolonged duration of the disease in many patients is striking. Table 16 
shows the duration of the stone disease in various groups of patients up to 
the time they were sent to us, either for investigation in the clinic or because 
of the necessity for urgent hospitalization. There seem to be no notable 
differences in the duration of the disease as to sex and association with gout. 


Family history of uric acid lithiasis 

We encountered many uric acid stone patients in our material who gave a 
family history of urolithiasis, and evidence will be presented in a later 
chapter that uric acid lithiasis may appear as an inherited disease. 

Little is known on the familial occurrence of urolithiasis except for cystine 
lithiasis, primary hyperoxaluria and primary hyperparathyroidism. Cystine 
lithiasis is a typical familial disease with a high familial frequency [240, 290, 
572]. According to Winsbury-White [572], only about 3% of all subjects 
with increased cystine excretion are found to be cystine stone formers. It is 
believed by Dent [137] that most of the cystinuric patients are heterozygotes, 
their cystine excretion being only moderately increased, up to 500 mg per 
day. On the other hand, the homozygotes have a much higher cystine ex- 
cretion and about 50% of them suffer from cystine lithiasis. 
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Primary hyperoxaluria, extensively reviewed by Wyngaarden and Elder 
[587] in 1960, is a familial disorder in which oxalic acid production and urinary 
oxalic acid excretion are markedly increased, and which is accompanied by 
calcium oxalate stone formation [369, 464, 480]. In the hyperoxaluric sub- 
jects the increased production of oxalic acid is probably due to an enzymatic 
block in glyoxylic acid metabolism, shunting an abnormally large amount of 
glyoxylic acid to oxalic acid [127, 167, 369]. Generally these patients die at 
an early age due to renal insufficiency caused by the recurrent stones and the 
precipitation of oxalate crystals in the renal parenchyma. Some patients, 
however, may reach adult age [369]. When oxalic acid excretion in patients 
with calcium oxalate stones will be measured more systematically, probably 
many additional patients with a milder form of this metabolic disorder will 
be discovered. 

Hyperparathyroidism may occur as a familial disease. A few families in 
which hyperparathyroidism was associated with nephrolithiasis have been 
reviewed by Cassidy and Anderson [108]. 

The association of nephrolithiasis with a renal amino aciduria, glycinuria, 
has been described in one family [143]. Two stones obtained from two 
members of this family were found to be calcium oxalate stones. Examination 
of one stone for glycine showed this amino acid to be present in smallamounts 
in peptide form. 

Little information is available on familial occurrence of calcium stones for 
which no obvious etiology could be established. A high incidence of calcium 
oxalate stones in one family was described by Gram [210] in 1932, in which, 
however, urinary oxalic acid excretion was not measured. In a series of 
patients of Melick and Henneman [372], a familial history of urolithiasis was 
obtained from 13.5% of 126 patients with calcium stones, when excluding 
the patients with hyperparathyroidism and assuming that the 77 patients 
grouped under “unknown cause” all had calcium stone lithiasis. In a recent 
investigation by McGeown [367] in Scotland the frequency of a positive 
family history of nephrolithiasis in patients with calcium stones was found to 
be 20%, when considering as “family” only parents, siblings and offspring; 
this percentage was significantly higher than that in a control group, consist- 
ing of normal subjects. 

Familial occurrence of uric acid stones in gouty families would not be 
surprising in view of the fact that gout is a familial disease and many gouty 
subjects have uric acid stones. We have not found in the literature, however, 
studies of familiality of uric acid lithiasis in gouty families. Neither modern 
monographs and reviews on gout, nor the literature specifically dealing with 
the genetics of gout mention familial uric acid lithiasis or familial urolithiasis 
in connection with gout [140, 489, 491, 505, 516, 557, 583]. The only investi- 


PE 


CLINICAL ASPECTS 


TABLE 16 


Duration of urolithiasis in patients with uric acid lithiasis, 
calcium salt lithiasis, and cystine lithiasis from the first ap- 
pearance of symptoms until first examination in our clinic 
or medical department 


Duration Uric acid lithiasis 
of ; ; E 
dis caso AU patients Idiopathic 
years Total Male Female Total Male Female 
sd 9 ZÉ 2 4 3 H 
1-5 55 39 16 41 27 I4 
6-Iro 48 38 Io 39 29 IO 
II-20 24 I8 6 EONHILO 6 
21-30 23 Zi 2 I7 5 
> 30 8 6 2 4 3 I 
Total 167 I29 38 2 34 


gation relevant to this subject seems to be that of Hauge and Harvald [249] 
who found a frequency of 8% of a history of urolithiasis amongst the families 
of their patients with gout, but the number of family members who suffered 
from uric acid stones is not given. 

Neither did we find in the recent literature exact data or extensive investi- 
gations on the familial occurrence of uric acid urolithiasis unrelated to gout. 
Melick and Henneman [372] noted a family history of stones in one out of 14 
patients with idiopathic uric acid lithiasis. Klein [304] wrote in 1953: “uric 
acid stones are sometimes found independently of gout but there appears to 
be no genetic studies of this type of lithiasis”. Other fairly recent articles 
dealing specifically with uric acid stones do not mention familiality [9, 17, 24, 
303, 385] and the subject is not discussed in various books and monographs 
devoted to the problems of urolithiasis in general [66, 97, 100, 572]. 

We found only two references mentioning a hereditary or familial tendency 
to uric acid stone formation. Gram [210] in 1932, whilst describing a large 
family (his own) with a high frequency of calcium oxalate stones, stated: 
“as to the urate concrements the existence of a hereditary factor is generally 
admitted”. Lowsley and Kirwin [349] in their book Clinical Urology (3rd ed., 
1956) wrote: “the only forms of urolithiasis which are generally regarded as 
having a familial tendency are cystine and, possibly, uric acid lithiasis”. 
These statements, however, were not accompanied by actual family histories, 
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Gouty Calcium salt lithiasis Cystine lithiasis 
Total Male Female Total Male Female Total Male Female 


5 4 I I I I I 
TA IZ e: 49 31 14 5 2 3 
9 9 42 31 II 3 I 2 
8 8 40 29 II 9 5 4 
1500000 6 3 3 

I 7) 6 I 2 2) 


46 42 4 I50 07 43 23 IO I3 


statistical evaluation of the prevalence of uric acid lithiasis in the families of 
patients with this disease, nor was it made clear whether gouty patients with 
uric acid stones or patients with idiopathic uric acid lithiasis, or both, were 
intended. Thus, careful perusal of the literature available to us furnished 
meager evidence only that uric acid lithiasis, with or without gout, is a 
familial disease. 

On the other hand, our data do provide evidence that uric acid lithiasis, 
both idiopathic and associated with gout, may occur as familial diseases. A 
detailed family history could be obtained from only 187 of our uric acid stone 
patients. The term “family” included not only parents, siblings and offspring 
but also uncles, aunts, nephews etc., provided that a blood relation was pres- 
ent. The family histories of our uric acid stone patients were compared to 
those of patients suffering from other types of stone and of normal subjects, 
1.e., healthy persons, members of the hospital staff and of agricultural settle- 
ments in various regions of the country with no past or present history of 
urolithiasis. This group of normal subjects was chosen so as to have a compa- 
rable age and sex distribution and ethnic origin. One might argue that be- 
cause of their personal interest, patients with urolithiasis would have more 
information about the occurrence of this disease in their families than sub- 
jects who themselves do not suffer from stones. McGeown in Scotland [307], 
however, showed in her study on the familiality of calcium salt lithiasis that 
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the possible bias introduced by this factor is negligible. The results of our 
investigation are shown in Table 17. 

It is seen from Table 17 that 45.7% of the patients with uric acid stones, 
knew that one or more of their relatives had had kidney stones. This per- 
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Frequency of a family history of urolithiasis* obtained from 
patients with uric acid lithiasis as compared to patients with 
other types of stones and normal subjects 


Uvic acid lithiasis Calcium Cystine Normal 
salt lathiasis subjects 
Total Idiopathic Gouty lithiasis 
AN subjects** 187 135 52 150 2:2 100 
With family history 
of urolithiasis 
Number 85 63 22 57 18 5; 
Y% 45.5 46.7 42.3 38 81.8 I3 


* Urolithiasis in at least one member of the family. 
** Only those from whom a detailed family history could be obtained. 


centage is somewhat higher than the comparable data in patients with calci- 
um salt lithiasis, though lower than those for cystine Jlithiasis. It is much 
higher, however, than in the group of normal subjects: 13%. One may con- 
clude that in our patient material, urolithiasis apparently is a familial disease 
both in the case of uric acid lithiasis and of calcium salt lithiasis. Absolute 
proof of the familiality of uric acid lithiasis would require knowledge of stone 
composition in the patient's relatives. Unfortunately, such information is 
available in only a few cases; one or more stones could be obtained for ana- 
lysis from 24 families out of the 85, the propositus of which had uric acid 
lithiasis and gave a positive family history of urolithiasis. One or more stones 
procured from 18 of these 24 families were composed of uric acid and from 
these 18 families no calcium stones were obtained. The stones obtained from 
the other 6 families, all propositi of which had idiopathic uric acid lithiasis, 
were calcium salt stones only. Three of the propositi of the 18 families with 
proven uric acid lithiasis in their relatives, suffered from gouty arthritis. 
Thus, uric acid stone composition was proven in 15 out of 21 families of 
patients with idiopathic uric acid lithiasis. These findings suggest that in our 
patients with idiopathic uric acid lithiasis, the stone disease was familial uric 
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acid lithiasis. An intensive study of three large non-gouty families, described 
in Chapter 9, in all of whom uric acid lithiasis was frequent, places the 
concept of familial uric acid lithiasis on a firm basis. 

These observations have a great importance for the diagnosis of uric acid 
stone disease in a patient with urolithiasis from whom no stones are available 
for examination. A family history of uric acid lithiasis in a patient with 
nephrolithiasis is strong evidence in favour of the patient having uric acid 
stone disease. However, a family history of urolithiasis, when the stone 
composition in the family is unknown, cannot be taken to serve as an ad- 
ditional guide in the diagnosis. 

Mention must be made of the relatively high frequency of a family history 
of urolithiasis in our normal subjects and in our calcium stone patients, in the 
latter 38%, which is much higher than the percentage given by McGeown 
[367] for her calcium stone patient material, 1.e. 20%. Two explanations for 
these high percentages may be considered. First, our inquiry extended over 
more distant relatives. Secondly, nephrolithiasis has a high prevalence in 
Israel: 1.18% in the northern central part of the country [188] and 2.4% in 
the South [186]. 


Gout 

Since uric acid stones are more frequent in gouty patients than in the 
general population (Chapter 9), it is to be expected that any series of uric 
acid stone patients will include gouty subjects. Various authors have re- 
ported the percentage of gouty subjects in their series of uric acid stone 
patients. Amongst the uric acid stone patients of Armstrong and Greene [17], 
27.4% had gout, in the series of Melick and Henneman [372] 22.4%, of Sher- 
wood and of Boyce 10% each [516] and of Cottet and Vittu [124] 11%. 
Badenoch [24], on the other hand, did not detect one gouty subject in his 
series of 21 uric acid stone patients. In our series of 213 uric acid stone 
patients, 55 1.e. 25.8% had a typical history of gouty arthritis, which was 
confirmed by clinical observation and biochemical findings; 23 of the 55 had, 
in addition, roentgenological changes in joints and bones consistent with 
gout. In three of our uric acid stone patients who had no evidence of gout, 
either clinical, biochemical or in their history, a family history of gout was 
elicited. Since our metabolic clinic is known to have a special interest in gout, 
gouty patients are being sent to us from all over the country, and since the 
incidence of uric acid stones in our series of gouty patients (a total of 75) is 
very high: 73.3% (see Chapter 9), this figure of 25.8% may be biased in 
favour of association with gout. 

The obtaining of a history of gout in any patient with uric acid lithiasis 
depends not only on whether the two disorders are associated in the patient, 
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but also on the time relationship of the appearance of their manifestations. 
In the series of gouty patients of Talbott [516], Rosenberg and Arens [454] 
and de Seze and Ryckewaert [140], gouty arthritis generally preceded the 
first manifestation of urolithiasis, while various other authors, such as Pail- 
lard and Fauvert [345, p. 148], Lockie [343], Weiss and Segaloff [557], Cottet 
and Vittu [124], Arlet et al. [16] and Sérane and Lederer [477] observed the 
opposite to be true, the urolithiasis preceding the arthritis in most of their 
patients. 

Our observations correspond to those of the latter authors. Amongst our 
uric acid lithiasis patients who had gout, the gouty arthritis preceded the 
first manifestation of urolithiasis in only 34.5%. Since uric acid lithiasis may 
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Fig. 10. Time relationship between first manifestation of 
urolithiasis and of gouty arthritis in 55 patients with gout and 
uric acid lithiasis. Vertical lines represent individual patients. 
The dots on the zero line represent patients in whom both 
disorders were manifested at about the same time. 
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precede the gouty arthritis by many years, a negative history of gout in any 
uric acid lithiasis patient, and statistics on the association of the two dis- 
orders, must be interpreted with caution. It is probable that the frequency 
of gout in any series of uric acid stone patients will increase with extension of 
follow up time. Fig. 10 shows the time relationship of the appearance of the 
first manifestation of the two conditions in individual patients. In 12 out of 
the 55 patients, the stone manifestations preceded the gouty activity by 
more than IO years, and in one patient even by 39 years. 

Two cases will serve to illustrate the preceding of gout by uric acid lithiasis. 


Case No. 7. B.M., a 68 year-old Iraquian-born laborer who immigrated to 
Israel in 1949, was seen first in our clinic in 1958. He had voided stones composed 
of uric acid since the age of 37. There was no history of gout in his family. At the 
age of 58 he had his first attack of arthritis in the metatarsal-phalangeal joint 
of the right foot, which was followed by similar attacks in the course of the years. 
In 1958, recurrent acute pyelitis necessitated repeated admissions to another 
hospital. Examination of his urine gave evidence of severe infection. His blood 
urea was 100 mg %. Intravenous pyelography showed poor excretion of contrast 
material from a hydronephrotic left kidney. Antibiotics were of no avail and left 
nephrectomy was performed. The kidney was markedly hydronephrotic and 
many large pus-filled pockets were found in the renal parenchyma. Severe 
periureteritis was present. 

A few months after the nephrectomy, the patient was referred to our clinic 
because of a severe attack of gout. On physical and X-ray examination, no tophi 
or deformation of joints were found. The urine contained many uric acid crystals. 
The serum uric acid was 7.3 mg %, blood urea 30 mg %, the urea clearance was 
40% of normal. 


Case No. 8. E.M. This Polish-born laborer, arrived in Israel when he was one 
year old. He has three children, one of whom, a daughter aged 28, suffers from 
“rheumatic” joint pains. His father has typical gouty arthritis. 

At the age of 27 years, the patient began to suffer from severe right-sided colics, 
soon followed by left-sided colics. Many small, smooth reddish stones were ex- 
pelled. During 28 years, bilateral colics and expulsion of stones of this type 
recurred frequently. Altogether hundreds of small stones were voided. The few 
stones available for examination had all been voided during the last year prior to 
admission to our hospital in 1959, and were all found to be mixed uric acid- 
calcium salt stones. 

At the age of 37, ten years after the first manifestation of urolithiasis, typical 
gouty arthritis made its appearance. The attacks were frequent, prolonged and 
severe. On examination in 1958, when he was 55 years of age, he had a serum 
uric acid of 8.1 mg % and roentgenological findings in the joints consistent with 
gout. He had no tophi or joint deformations. 


Patients such as these pose problems in nosology and in etiology. The 


question arises whether “idiopathic uric acid stones” is an appropriate 
diagnosis for a patient who does not suffer from gout, who has no family 
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history of gout and whose serum uric acid is normal, knowing well that 
clinical gout may become manifest even after thirty years? Does an elevated 
serum uric acid or a family history of gout, neither of which presages with 
certainty the later appearance of gouty arthritis in the patient, justify the 
term “gouty uric acid stones”? Why do some patients form uric acid 
stones many years before the first appearance of clinical gout, whereas in 
others joint symptoms precede stone formation by an equally large period of 
time? Is the serum uric acid in the former group already elevated at the time 
of their first renal colics? We have no answer to any of these questions but 
prolonged follow-up of our idiopathic uric acid stone patients may clear up 
some of these points. We have under observation one patient who, from the 
age of 25, has produced uric acid stones and who has no family history of 
gout. At the time of his first examination in 1957, when he was 27 years old, 
his serum uric acid was 4.8 mg %. Over the last five years, his serum uric 
acid went slowly up and at present it is definitely elevated: 7.8 mg %. He 
has no impaired kidney function and no joint pains. He is still classified in the 
group of idiopathic uric acid lithiasis, but in the future we may have to 
transfer him to the group of gouty uric acid lithiasis. 

The following case, the diagnosis of which was changed from idiopathic to 
gouty uric acid lithiasis within a few years, tends also to illustrate the above. 


Case No.9g. K.M.,a 34-year old Czechoslovakian-born male agricultural worker, 
who immigrated to Israel in 1944, was first seen in the clinic in July, 1958. His 
grandfather and a niece, both on his mother's side, had suffered from nephroli- 
thiasis. Examination of the stone obtained from the niece showed it to be a pure 
uric acid stone. The patient's illness began in 1949 when he had a left renal colic. 
In 1957 he had again a left renal colic and passed a small brown stone which 
crumbled in the course of time. Since then he has had many bilateral renal colics 
and often difficulty in micturition with voiding of “gritty” material. In another 
hospital hyperuricemia, 7.1 mg %, was once found amongst several normal serum 
uric acid values. The 24-h urinary uric acid excretion was found to be low normal: 
300 mg. 

On admission to our clinic in 1958, he had a left renal colic. He had no joint 
pains and there were no tophi or joint deformations. The urine contained a few 
erythrocytes, the morning pH was 4.9, the concentration 1022. Serum uric acid 
ranged from 4.8 to 6 mg %, the 24-h urinary uric acid excretion was 460 mg. 
Urea clearance was 110%. 

He was treated by oral alkalinization and felt well until September, 1960, when 
he had a severe attack of arthritis in the metatarso-phalangeal joint of the left 
toe which responded to colchicine. The serum uric acid was now 7.5 mg % and 
the 24-h urinary uric acid excretion was 900 mg. X-rays of the kidneys and the 
skeleton were normal. 


Acute urinary tract infection 
Clinically manifest urinary tract infection—elevated temperature, chills, 
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pain in the loins and bladder region and dysuria—was present in the history 
of 41.5% of our patients. Details are given in Table 18. 

The patients with idiopathic uric acid lithiasis had a higher frequency of 
acute urinary infections than the patients with gout, 45.5% as compared to 
31%. In the patients with idiopathic uric acid lithiasis the frequency was 
highest amongst the females. The number of females with gout was too small 
for any conclusions to be drawn as to sex distribution of urinary infection. 

The importance of the acute infections lies in the fact that the attacks are 
either indicative of, or augur the onset of chronic urinary tract infection. 


TABLE 18 
Acute urinary tract infection according to history in patients 
with uric acid lithiasis 


Uric acid lithiasis 


AU patients Idiopathic Gouty 
Total Male Female Total Male Female Total Male Female 


Number of 


patients 209 I62 47 ES A 40 55 48 7 
With pyelitis, 
pyelocystitis 87 60 27 Zo 45 25 1/0 2 


Percentage Ud 7 mA 45.5 39.5 62.5 Sat Sha ZOO 


The latter has great therapeutic and prognostic significance as will be elabo- 
rated upon further in the chapter on laboratory findings. 


X-ray findings 

Many patients have a typical history of having had one or more roentgen 
examinations of the urinary tract, mainly plain films but also intravenous 
pyelographies which were repeatedly negative. Whereas the former is due to 
the translucency of the stones, the latter is explained by their often being of 
small size. Colics with negative roentgenological findings are, therefore, al- 
ways suspected for uric acid stones [61]. It should be noted, however, that, 
not infrequently we noticed pathological findings consistent with uric acid 
stones on X-ray pictures which had been regarded as without pathological 
findings by competent urologists and roentgenologists. Considerable ex- 
perience over a period of 6 years in our metabolic clinic enabled us to dis- 
tinguish and appreciate faint shadows on plain films due to pure uric acid 
stones. Similarly, small or even larger filling defects faintly visible on in- 
travenous pyelograms and which easily may pass unnoticed, point to the 
presence of translucent stones. 
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Other patients gave a history of positive X-ray findings. On reviewing 
their roentgenograms plain films showed large semitranslucent stones or 
translucent stones containing calcium salts, seen as inhomogenous shadows 
with darker and lighter regions, enabling us to diagnose with reasonable 
certainty uric acid lithiasis. In many of these patients a diagnosis of mixed, 
semitranslucent or translucent stones had been missed and the findings were 
generally described as follows: calcified shadows, calcified stones or simply 
stones, the translucent part of the stone not being interpreted. In view of 
such inadequate interpretations every patient is required to bring with him 
on his first visit all previous X-ray pictures of his kidneys, and if he has no 
others even pictures of his lumbar spine. Re-evaluation of these roentgeno- 
grams often enabled us to change a previous diagnosis of calcium salt stones 
to mixed uric acid stones or a previous negative finding to that of a trans- 
lucent stone. 


Physical findings 


There are no specific physical findings which distinguish uric acid stone 
patients from patients with other types of nephrolithiasis, except when there 
is associated gout, either acute gouty arthritis or signs of chronic gout such as 
tophi and deformation of joints. In the 55 of our uric acid stone patients who 
had gout, tophi were found in 11 and chronic joint deformation in 5 patients. 
Tophi or joint deformations, however, were not the only manifestations of 
gout in any of our patients with gouty uric acid lithiasis; in all these patients 
there was a history of acute gouty arthritis and hyperuricemia was present. 

Krizek [316, 359] and Cottet and Vittu [124] noted obesity to be prevalent 
in patients with idiopathic uric acid lithiasis. This could not be confirmed in 
our patients with idiopathic uric acid lithiasis, nor were the gouty uric acid 
stone patients in our material distinguished by a generally prevailing pletho- 
ric habitus, obesity or hypertension. Apparently, the obese red-faced sufferer 
from gout indulging in food and imbibing huge quantities of alcohol, the 
beloved object of the caricaturist ofa previous day [452, 453], has practically 
disappeared. Melick and Henneman [372] pointed out that several of their 
patients with uric acid stones suffered from chronic diarrhea. We could not 
confirm this relationship in our patients. 


Urologic surgery 


It is stated in various sources that, in contradistinction to calcium lithiasis 
and cystine lithiasis, uric acid lithiasis generally does not cause considerable 
kidney damage and rarely necessitates urologic surgery. This is ascribed to 
the stones being mostly small, smooth and easily passed [9, 140, 147, 303, 
349, 385, 454]. Others have stressed, however, that uric acid stones may 
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grow to staghorn size, lead to severe kidney damage, cause anuria and require 
surgery including nephrectomy [8, 17, 24, 125, 175, 176, 183, 253, 260, 334, 
370, 447, 451, 518]. In our experience urologic surgery is relatively often 
indicated im uric acid lithiasis, although the good results obtained lately with 
in vivo dissolution of stones has decreased the number of patients who needed 
surgery (see Chapter on Treatment). Of all the fallacies concerning uric acid 
stones we consider that, which contends that it is a fairly innocuous disease, 
the most pernicious. Due to the attitude engendered by this misconception, 
patients with uric acid stones are only too often left without treatment, 
sometimes with dire results. It is striking that in spite of abundant evidence 
to the contrary, the prevailing preconceived notion about the benign nature 
of uric acid stone disease flourishes unhampered. 

A few authors only have stressed the severity of the disease, such as Flocks 
[183] and Legrain and Foglerini [334]. The latter coined the term “malignant 
uric acid stones” describing a series of cases in which mostly large bilateral 
uric acid stones had caused anuria and/or acute septic pyelitis, followed in 
the majority of instances by death. They also stressed that the prevailing 
optimistic attitude regarding uric acid stone disease was often the cause of 
fatal delay in treatment and that early treatment, including surgery, might 
have saved these patients [334]. 

The following case demonstrates the extreme severity of uric acid uro- 
lithiasis im some patients. Early intensive treatment might have prevented 
his untimely death. 


Case No. 10. J.N.,a 48-year old Bulgarian-born night watchman, father of two 
children, who immigrated to Israel in 1948, was first seen at our clinic in 1958. 
The patient's father had suffered from urolithiasis. Patient's present illness com- 
menced in 1954, when he started to suffer from severe right-sided colics and 
dysuria. In between the colics he had dull pain in his right flank. In 1958, after 
repeated admissions to another hospital, a huge, coralliform, radio-translucent 
stone was found in the right kidney and several filling defects in the left hydrone- 
phrotic kidney. Right nephro-pyelotomy was performed on 1.6.1958 and a very 
large stone (Fig. 5) and several smaller ones were removed. The parenchyma was 
found to be slightly thinned but after the operation the kidney was shown to 
function fairly well. Attacks of recurrent acute pyelitis and right-sided colics 
appeared shortly after the operation but when several small stones had been 
passed the patient's condition improved. In October, 1958, a few days after 
having left the hospital where he had spent several months, the patient was read- 
mitted because of sudden anuria, spiking fever and vomiting. He was treated 
conservatively and improved markedly within a few days during which normal 
urine flow was spontaneously restored. X-ray of the urinary tract in November, 
1958, disclosed the presence of a radio-translucent staghorn stone in the left renal 
pelvis and another radio-translucent large stone in the right kidney. The right 
kidney did not show any excretion of contrast material on intravenous pyelog- 
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raphy; the left kidney excreted satisfactorily. The patient was transferred to 
our department for further investigation and treatment. 

On physical examination the only relevant findings were bilateral tenderness 
in the flanks. Laboratory findings: Daily urine volume was approximately 1400 
ml, with a maximal concentration of 1010. The urinary pH ranged from 5.4 to 8.2 
generally around 7.0-7.5. There was massive albuminuria and the voluminous 
urinary sediment contained large amounts of pus, granular casts and triple phos- 
phate crystals. Daily urinary excretion of uric acid was 1109-431 mg. À urine 
culture showed a heavy growth of coliform bacilli and, after several weeks of 
antibiotics, Proteus vulgaris. Chromatography of the urine was normal. The serum 
uric acid was 5.3 mg %,, calcium 10.0 mg %, phosphorus 3.5 mg %, urea 39-47 
mg %- 

On examination of the large stone, surgically removed in 1958, only uric acid 
was found. The many smaller stones, both those removed surgically and the 
stones voided spontaneously, consisted mainly of uric acid with a thin shell of 
calcium carbonate-phosphate and ammonium-magnesium-phosphate. 

The consultant urologist did not consider operation advisable and conservative 
treatment was decided upon. This was one of our first patients with very large 
uric acid stones placed on conservative treatment, 1.º. dissolution of the stone, 
and the first one in whom this was attempted in spite of a chronic urea-splitting 
proteus infection with a resulting urinary pH of 7.0-7.5. Treatment was started 


Fig. 11. Plain film. Large partially calcified staghorn uric 
acid stone in left kidney (Case No. 10). 
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with large fluid intake, and an assortment of antibiotics in massive amounts, 
singly and combined, per os, intramuscularly and intravenously. The proteus 
bacillus, however, proved to be resistant to all antibiotics, sulfa drugs and fura- 
dantin as well. Meanwhile the patient's general condition and kidney function 
deteriorated steadily and his blood urea went up. A plain abdominal film and 
intravenous pyelography on April 14, 1959, 5 months after the previous X-ray 
which had shown the stones to be translucent, revealed that the large stone in the 
right kidney and the staghorn stone in the left kidney were partially calcified. 
The latter is shown in Figs. 11, 12. Theright kidney excreted the contrast material 


Fig. 12. Intravenous pyelogram. Large inhomogenous filling 
defect in left kidney corresponding to the shadow in Fig. 11. 
Hydronephrosis (Case No. 10). 


very poorly, the left better though far from good. In spite of variegated intensive 
antibiotic treatment, exacerbation of the urinary infection recurred more and 
more frequently and the patient deteriorated rapidly. He was am intelligent 
individual, aware of the hopelessness of his condition. In spite of the immediate 
hazards of surgical intervention which had been explained to him he nonetheless 
demanded this course. 
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MB 
Urologic surgery* in patients with uric acid lithiasis, 


Number of 


Total Urologic surgery Era operations 
Disease No. of No. of of per 
patients Hient: 0 ; patient 
patrents %o operations operated 
Uric acid lithiasis 210 54 25.7 73 1.35 
Idiopathic 155 49 31.6 67 EA 
Gouty 55 5 9.1 6 T.2 
Calcium salt** lithiasis 150 7º 46.7 109 1.6 
Cystine lithiasis 23 13 56.5 I8 I.4 


* Bladder surgery not included. 
** Patients with proven or suspected hyperparathyroidism not included. 
*** One patient with pure uric acid stones, 4 with mixed stones. 
**** One patient with pure uric acid stones, 1 with mixed stones. 


On July 29, 1959, right nephrectomy was performed. The left kidney proved to 
be unable to bear the burden, severe uremia developed and the patient died on 
August 8, 1959. 


This patient was the victim of a most severe, “malignant” [334] form of uric 
acid urolithiasis with a pronounced tendency to staghorn stone formation. 
Today we know that conservative treatment in such patients with a urea- 
splitting proteus infection is useless and advise early and more active surgical 
intervention. 

We shall now discuss some quantitative data on urologic surgery in uric 
acid stone patients, both in the literature andin our material. Kidney damage 
in uric acid hthiasis will be dealt with in detail in the chapter on laboratory 
findings. 

Weiss and Segaloff [557, p. 73] made the general statement that uric acid 
stones seldom require surgical intervention. On the other hand, the per- 
centage of uric acid stone patients undergoing surgical intervention is given 
in their monograph as 5-14%,, which is certainly not negligible. Interesting 
observations on a large series of stones are given by Cottet [125] from France: 
87% of the uric acid stones examined (pure and mixed) had been voided 
spontaneously and 13% had been removed surgically, including one by 
nephrectomy. Amongst the calcium oxalate stones these percentages were 
85 and 15 respectively; no nephrectomy was performed amongst the calcium 
oxalate stone patients. Thus, both types of stones were equally prone to the 
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calcium salt lithiasis and cystine lithiasis 


Nephrectomy and oper- 
ation on other side 


No. of % of all 
patients — patients 


Repeated unilateral 
operations 

No. of Wofall 

patients patients 


Nephrectomy 
No. of %YWofall 
patients patients 

operated 


Bilateral operations 


No. of % of all 
patients patients 
operated 


operated operated 
7 13 7 13 TI 20.4 4 7:4 
re a OZ Fil 14.3 IOTt 20.4 SIP 6.1 
ida Witt 20 Ene 
8 II.4 I2 TEAM 26 AM 3 4.3 
2 15.4 I 4 30.8 I 


1 2 patients with pure uric acid stones, 5 with mixed stones. 
t 1 patient with pure uric acid stones, 9 with mixed stones. 

ttTt 1 patient with pure uric acid stones, 2 with mixed stones. 
titt 1 patient with mixed stones. 


requirement of surgery for their removal. A much higher frequency ofurologic 
surgery is reported by Armstrong and Greene [17], e.g. 51.3% (60 patients) 
in their series of 117 uric acid lithiasis patients. 

In our uric acid lithiasis patient material, the percentage of those who had 
surgery is high: 25.6%. Details on surgery in our patients are given in 
Table 19. 

It will be seen that urologic surgery was more frequent in the group of 
patients with idiopathic uric acid stones: 31.6%, than in the gouty group: 
9.1%. This striking difference may be related to the higher frequency of pure 
uric acid stones in the gouty group, as compared to that of patients with 
idiopathic uric acid lithiasis, who relatively have more mixed stones. As was 
pointéd out in the chapter on stone composition urologic surgery was more 
frequent in those patients who had mixed stones. 

It may be seen further in the table that the frequency of surgery was 
higher amongst our patients with calcium salt lithiasis: 46.7%. The cystine 
stone patients had a still higher percentage of surgery, which is probably 
related to the tendency of these stones to attain a large size, often at an 
alarming rate. The number of operations per patient operated was very 
similar in all groups, though again lowest in the gouty patients. The severity 
of uric acid stone disease was exemplified by the number of nephrectomies 
performed in the patients suffering from this disease. The percentage of 
nephrectomies amongst the operated uric acid lithiasis patients: 13%, was 
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TABLE 20 
Urologic surgery and urinary tract infection* in uric acid 
lithiasis 


Patients with uric 


All patients 
Total With infection 


Composition of stones** 


No. a 

Pure uric acid 15 IO 66.6 
Nigediais 38 38 100 
Phosphate-containing at 21 IOO 
Calcium oxalate-containing**** 8 8 100 


* Past and present. 


** For classification of stone composition see legend of Table 
No. 5. 


similar to that of the calcium stone and cystine stone group. The number of 
gouty patients with uric acid lithiasis who were operated was too small to 
permit evaluation. The severity of the disease was further illustrated by the 
percentage of operated uric acid lithiasis patients who underwent repeated 
unilateral surgery, which was close to that of the calcium stone patients. 
Bilateral operations, however, were more frequent among the calcium stone 
patients. On the other hand, the percentage of patients, who underwent 
nephrectomy and were also operated on the second side, was higher in the 
uric acid lithiasis group. 

In spite of urologic surgery having been more frequent in our calcium 
stone patients than in our patients with uric acid lithiasis, we surmise that 
generally in the latter disease surgery is not less often indicated than in the 
former. The calcium stone patient material attending our clinic is much more 
selected, since at our clinic only severe cases of calcium stone lithiasis are 
investigated, practically all of them having bilateral stones. On the other 
hand, because of our specific interest in uric acid stone lithiasis, we admit to 
the clinic every patient who has proven or suspected uric acid stones, even a 
single one. Moreover, in several of our patients im whom clear cut indications 
to surgical intervention were present according to generally accepted urologic 
practice, a therapeutic trial of in vivo stone dissolution was instituted and in 
15 of them surgery could be prevented. 

Since 1957, we have been repeatedly successful im dissolving even large 
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acid lithiasis, operated 


Idiopathic Gouty 
Total With infection Total Wath infection 
No. % No. % 
I2 7 58.3 3 3 100 
36 36 Edojo) 2 2 100 
Ig I9 IOO 2 2 100 
8 8 IOO 


*** Including patients in whom mixed stones 
were diagnosed in the roentgenogram. 


**** Phosphate-containing stones excluded. 


renal uric acid stones in vivo and our indications for surgery in these patients 
have become more conservative in accordance with the experience gained. 
Successes and failures of the in vivo dissolution therapy and our present-day 
views on indications for urologic surgery in uric acid stone patients are 
elaborated upon in the chapter on treatment. 

The correlation between surgery and urinary tract infection is shown in 
Table 20. 

Of the 53 patients with uric acid lithiasis, who had undergone surgery, 48 
1.e. 90.6% had urinary tract infection found either before or after operation. 
This frequency of infection in the surgical cases is significantly higher than in 
the whole group of our uric acid lithiasis patients: 59% (see Table 24). The 
explanation of this striking correlation is twofold. One explanation is that in 
those patients who had undergone surgery, the condition of the urinary tract 
which furnished the indication to surgery, such as acute obstruction and 
hydronephrosis, also favored the development of infection. Moreover, in the 
presence of infection surgery would have been more readily indicated. 


Summary and conclusions 


Uric acid stone patients have often a history of episodically voiding numer- 
ous small reddish stones and “sand” over the course of many years. Uric acid 
stone formation may commence at any age, but begins most often in middle 
age and somewhat later than for other stones. 
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Nearly half of the patients, both gouty and idiopathic, had a family 
history of urolithiasis. Most of the stones, obtained from our patients” rela- 
tives, were uric acid stones, indicating the familial nature of uric acid 
lithiasis. About one third of our uric acid lithiasis patients have gout, in 
most of them the uric acid Iithiasis preceding the first attack of gouty 
arthritis often by many years. 

Acute urinary tract infection was frequent in our patients. 

Many patients gave a history of negative X-ray findings or of an X-ray 
diagnosis of calcium stone but, on reviewing the previous roentgenograms, 
often the diagnosis of uric acid lithiasis could be made. 

Uric acid lithiasis is not associated with specific physical findings, except 
in some patients with gout. 

Urologic surgery was performed in about one fourth of our patients with 
uric acid lithiasis. Amongst the operated patients the percentage of repeated 
unilateral operations and nephrectomy was approximately equal to those in 
our calcium stone patients. In patients who had undergone surgery, infection 
was highly frequent. 
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In the final issue the diagnosis of uric acid lithiasis rests upon examination of 
stones obtained from the patient. When stones are not available for exami- 
nation, certain laboratory findings may, in addition to a typical history, 
furnish strong, although indirect, evidence for the stone disease being uric 
acid lithiasis. When the history of the patient is inconclusive, the laboratory 
findings may tip the scales in favour of a diagnosis of uric acid stones, or 
again with reasonable certainty, may negate this diagnosis. It must be kept 
in mind, however, that uric acid stones may occur in the presence of other 
stone diseases or of disorders conducive to formation of stones other than 
uric acid, such as for instance hyperparathyroidism, oxaluria and cystinuria. 
Veenema et al. [543] diagnosed in one patient uric acid stones and hyperpara- 
thyroidism, and proved the latter diagnosis by operation. A similar case was 
described by Mintz et al. [381] and by Howard [273]. We have diagnosed and 
proved at operation hyperparathyroidism in two patients, whose kidney 
stones were composed of uric acid mixed with small amounts of calcium 
salts. Burke et al. [93] surgically removed a uric acid stone from a patient 
with primary hyperoxaluria. We have under our care a cystinuric patient 
who produced uric acid stones, but no cystine stones, although in her family 
cystine lithiasis is prevalent (case No. 17, p. 143) Our cases of uric acid 
lithiasis combined with hyperparathyroidism or cystinuria will be described 
in detail in the chapter on diagnosis (cases No. 17-20, p. 148). It follows that 
the finding of uric acid stones should not deter carrying out intensive labora- 
tory examinations, directed to the detection of other stone diseases. 

Since the literature concerning the laboratory findings in uric acid stone 
patients is conflicting, it seemed justified to devote considerable space to a dis- 
cussion of the laboratory data, collected from our large series of uric acid stone 
patients. Such a discussion may be of importance not only for the problem of 
diagnosis of uric acid lithiasis, but also in considerations of the etiology and 
pathogenesis of this stone disease. Since stone composition has been dealt with 
earlier, the present chapter will be devoted chiefly to other laboratory findings 
in uric acid lithiasis. X-ray findings will be discussed in a separate chapter. 


Uric acid crystals in the urime 


Uric acid crystals in the urine are found in different shapes well described in 
various laboratory manuals. Generally, uric acid crystals in the urine have an 
orange-yellowish color. The uric acid crystals most frequently observed in 
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the urine of our patients are whetstone form, quadrate forms, rectangles, 
Ieaflet forms and rosettes. These crystals may be either very small or very 
large so as to occupy most of the microscopic field at 400x magnification. 
They are easily distinguished from urate crystals, sodium urate, ammonium 
urate and others. Some of the uric acid crystal forms are given in Figs. 13, I4 
and 15. 


Fig. 13. Uric acid crystals in the urine of a uric acid stone 
patient. Mainly whetstone forms. 


According to our experience, the urinary pH at which uric acid crystals 
may be found ranges from the lowest pH attainable to about 5.8. Ifthe urine 
Is left standing at room temperature for several hours and a slow rise in pH 
oceurs, disintegrating and dissolving uric acid crystals may sometimes be 
observed at pH 5.9-6.0. The upper pH limit of 5.8 at which uric acid crystals 
were found by us in fresh urines, was in agreement with the findings of Loeper 
and Cottet [345]. 

Generally, urates are not found in urinary specimens containing uric acid 
crystals. Rarely, however, one may find both types of crystals together, when 
the urinary pH is near 5.8, though, as a rule, urate crystals appear at pH 
around 6.0 and above. Uric acid crystals and calcium oxalate crystals are 
often found together. In contrast, uric acid and phosphate crystals are never 
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Fig. 14. Uric acid crystals in the urine of a uric acid stone 
patient. Mainly leaflet forms. The faimnt round shadows are 
erythrocytes. 


found together in the same urine specimen, the phosphate crystals appearing 
only at pH above 6.5. 

From the physico-chemical point of view, the presence of uric acid crystals 
in the urine indicates that the uric acid solubility under the specific condi- 
tions of urine composition, pH and temperature has been exceeded. In this 
study the significance of uric acid crystalluria will be considered from three 
points of view, diagnosis, treatment and pathogenesis. In the present chapter 
we shall discuss the diagnostic value of uric acid crystals in the urine mainly; 
the other two aspects will be dealt with in the chapters on treatment and 


etiology, respectively. 


Diagnostic sigmficance 

There is im the literature no consensus of opinion as to the diagnostic 
significance of uric acid crystalluria. According to several textbooks [TI4, 
166, 349], uric acid crystalluria has no diagnostic value, whatsoever. On the 
other hand, Loeper and Cottet [345], Cottet and Vittu [120, 122, 123], Arm- 
strong and Greene [17], Sérane and Lederer [477], Allyn [9], Suby [513], and 
authors of some textbooks [77, 258, 339] are of the opinion that the finding 
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Fig. 15. Uric acid crystals in the urine of a uric acid stone 
patient. Mainly rosette forms. 


of uric acid crystals in the urine of patients suffering from urolithiasis may be 
considered supporting evidence for the stones being composed of uric acid. 

Badenoch [24] mentions that several of his uric acid stone patients had 
uric acid crystals in their urine, but he does not draw a definite conclusion as 
to their diagnostic significance. 

Cotter, Vittu and Loeper [120, 122, 123, 345] subjected their stone patients 
and normal subjects to a test: “épreuve de cristallurie provoquée”, im which 
the urine was examined after fluid deprivation and subsequently after forced 
fluid intake and alkalinization, in order to evaluate the correlation of crystal- 
luria with the urinary pH and specific gravity and its significance as to the 
presence of stones and their composition. In their uric acid stone patients the 
pH of the urine generally was low and remained low both at small and large 
urine volumes. The presence of uric acid crystals was found to be dependent 
on the specific gravity of the urine, the crystals appearing mainly at a specific 
gravity above 1oIo. Only in a few of their subjects were the uric acid crystals 
found at lower density of the urine as well. These authors found uric acid 
crystals in nearly all of their patients with uric acid stones, and they are of 
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the opinion that the presence of uric acid crystals in the urine indicates uric 
acid or oxalic acid lithiasis, whereas the appearance of phosphate crystals 
excludes the stone disease to be uric acid lithiasis. 

In order to investigate the significance of uric acid crystalluria in the 
diagnosis of uric acid lithiasis, we have studied the urinary sediment in our 
uric acid and calcium stone patients, as well as in a series of normals. Our 
purpose was to find out whether the simple examination of the urinary sedi- 
ment in kidney stone patients, without subjecting them to the measures used 
by Cottet and Vittu, would be informative as to the nature of the stones. 

For several reasons the study was carried out on freshly voided morning 
urine. First, as is well known [47, 169], generally, the urinary pH is lowest in 
the morning urine sample. Secondly, the morning urine is generally the most 
concentrated. Thirdly, according to our experience, in patients whose uric 
acid crystalluria is inconstant, the best chance of finding uric acid crystals is 
in the morning sample. This is in agreement with the low pH and high specific 
gravity of the morning urine. 

Examination of the morning urine was carried out within 2 hours after 
voiding, without previous refrigeration. Each subject was examined on at 
least four different days and recorded as having uric acid crystalluria, even 
when it was present on one occasion only. In an initial study [22] comprising 
58 uric acid stone patients, 48 normals and 82 calcium stone patients, striking 
results were obtained. Uric acid crystalluria was found in 89.7 % of the uric 
acid stone patients, but in only 4.2%, of the normal subjects and 4.9% of the 
calcium stone patients. Extension of the study over a larger patient and 
control series gave similar results. Since uric acid precipitation in the urine 
occurs only at acidic pH, it is to be expected that the urine of uric acid stone 
patients with urinary tract infection and highly alkaline urine will be devoid 
of uric acid crystals. The value of the urinary sediment examination, there- 
fore, lies in a positive finding. Thus, whereas the presence of uric acid crystals 
in patients with nephrolithiasis must be considered indicative of uric acid 
stones, absence of uric acid crystals does not negate uric acid stone compo- 
sition. 

We found no correlation between the size and form of the uric acid crystals 
on the one hand and the size or the number of the stones on the other. It 
should be pointed out that in the few normal subjects in whom uric acid 
crystals were found in the urine, the crystalluria was extremely inconstant 
and usually appeared only when the urine was highly concentrated and had a 
very low pH, such as under conditions of extremely high environmental 
temperature and strenuous exercise. 

In most of the uric acid stone patients, however, uric acid crystalluria was 
a fairly constant finding even under normal climatic and living conditions. 
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The French authors, Cottet, Vittu and Loeper [120, 122, 123, 345] are of 
the opinion that urinary specific gravity should be taken into account when 
evaluating the significance of uric acid crystalluria. According to their investi- 
gations in normal subjects, generally no uric acid crystals are found when the 
specific gravity of the urine is below 1015 and only very rarely when below 
1oTo. The presence of numerous uric acid crystals at a specific gravity lower 
than 1015 and even more so when below roro, is held to indicate a tendency 
to uric acid stone formation. It is our impression, however, that heavy uric acid 
crystalluria at any specific gravity, even above 1025, is indicative of uric acid 
stone formation. 

It is also our impression that at the time ofactive uric acid stone formation, 
the urine shows a much heavier crystalluria than during quiescent periods. 
We have observed patients who, during certain periods, had only slight and 
inconstant uric acid crystalluria, whilst at other times the bottom of the 
centrifuge tube was covered with a thick layer of uric acid crystals. It was 
observed that new stones were frequently formed at the time of heavy 
crystalluria in these patients. Patients who regularly pass numerous small 
uric acid stones, are nearly always found to have heavy uric acid crystalluria 
and to void large amounts of “sand”. 


Quantitative aspects 

As far as we could ascertain, the quantitative aspect of uric acid crystal- 
luria has not been investigated. It should be possible to obtain quantitative 
data by the sieve method of Sengbusch and Timmermann [474]. We tried to 
obtain quantitative information on uric acid crystalluria by another method. 
Immediately after voiding and after vigorous stirring, a urinary specimen 
containing uric acid crystals was divided into two aliquots. In one sample, 
the crystals were dissolved by adding alkali, and the uric acid content was 
determined. The second sample was centrifuged at 2000 rev. /min for 5 min to 
throw down the crystals, and the uric acid concentration of the supernatant 
was determined. All centrifugations were carried out at 35-37 ºC. The differ- 
ence between the two determinations represents the amount of uric acid 
crystals originally present. In order to ascertain that no small crystals re- 
mained in the supernatant of the centrifuged specimen, the supernatant was 
separated and centrifuged in a Spinco centrifuge for ro min at a speed of 
40,000 rev. /min. No difference in uric acid concentration was found im the 
supernatant before and after the rapid centrifugation. 

By applying this procedure to the urines of various uric acid stone patients, 
it was found that the presence of a few uric acid crystals im the urinary sedi- 
ment was not reflected im measurable quantities of uric acid, as determined 
by the above method. The quantity of uric acid in the form of crystals was so 
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small as to fall in the range of error of the method of uric acid determination. 
On the other hand, in some uric acid stone patients with massive uric acid 
crystalluria, the amount of uric acid represented by crystals constituted up 
to 50% or more, of the total uric acid in the urine. It is a striking finding that 
the major part of the urinary uric acid in uric acid stone patients may be 
present in crystal form. Studies are being carried out on the amount and per- 
centage of uric acid present as crystals in the urine of various uric acid stone 
patients, both normouricosuric and hyperuricosuric, actively stone forming 
or being in a quiescent phase. 


After purine load 

According to Sengbusch and Timmermann [399, 474, 475] and to Keutel 
and Speicher [295], after eating large amounts of food with high oxalate 
content, calcium oxalate stone patients have more calcium oxalate crystals 
in their urine than normal subjects. We performed some preliminary experi- 
ments on uric acid stone patients by giving them a large amount of chocolate 
and liver and comparing their urinary sediment with that of normals who 
received a similar load of purines. After loading, a heavy uric acid crystal- 
luria was found in the uric acid stone patients, whereas in normal subjects no 
uric acid crystals were found in the urine. These observations will be extended 
in order to evaluate the possible significance of provoked crystalluria as an- 
other indication for the presence of uric acid stones in patients with nephro- 
lithiasis and possibly for a tendency to uric acid stone formation. Detection 
of a tendency to uric acid stone formation would be of great importance in 
the screening of members of families in which uric acid stones are prevalent 
(see Chapters 5 and 9). 


Other crystals in the urine of wric acid stone patients 

Calcium oxalate crystals were found in the urinary sediment of 50 out of 
the 152 patients of our series in whom uric acid lithiasis was proven by 
examination of the stones. They were relatively as frequent amongst the 
patients with idiopathic uric acid lithiasis as among the gouty patients with 
uric acid lithiasis. In many of these 50 patients uric acid crystals were found 
in addition to calcium oxalate crystals. In others, a high urinary pH caused 
by urinary infection precluded the formation of uric acid crystals. We do not 
agree with Cottet and Vittu [120, 122, 123] that the presence of phosphate 
crystals “excludes uric acid lithiasis”, as in our experience mixed uric acid 
stones in patients with urinary tract infection were associated often with 
phosphate crystalluria. In these cases, however, no uric acid crystals were 


found. 
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General considerations 

One should not lose sight of the fact that the presence of uric acid crystals 
in the urinary sediment examined at room temperature, does not prove the 
presence and does not reflect the quantity of uric acid crystals in the urinary 
tract. Cottet and Vittu [122, 123] stressed the importance of examining the 
urinary sediment immediately after voiding but even then the temperature 
of the urine will have decreased at the time of microscopic examination, 
especially when carried out under a cover glass. Since the solubility of uric 
acid in the urine is directly related to the temperature, more crystals may be 
found at room temperature than originally present in the urinary tract, and 
urinary specimens, originally without uric acid crystals, may contain 
crystals at the time of examination of the sediment. Theoretically, therefore, 
the urinary sediment should be prepared and examined at 37º in order to 
obtain a true picture of the presence or absence of uric acid crystals in the 
urinary tract. This, however, is generally not feasible in routine laboratory 
work. Nevertheless, as was shown in the literature and in our patient ma- 
terial, these considerations do not detract from the importance of the exami- 
nation of the urinary sediment as a tool in the diagnosis of uric acid uro- 
lithiasis, even when carrying out the examination at room temperature. 

In some normal persons, uric acid crystals were found only after prolonged 
strenuous exercise, such as the local equivalent of the Marathon race, run on 
a very hot summer day. In a special study we investigated for crystalluria 
about 60 normal subjects living in various settlements in the hot southern 
region of Israel. During several days, every urinary specimen was examined 
within a short time after voiding. Uric acid crystals were found but rarely, 
and only in settlers living in the hottest regions [278]. Thus, although the 
occasional finding of uric acid crystalluria, under conditions of dehydration 
and very concentrated acid urine, has apparently no significance, there are 
considerations which induce us to regard this “normal” uric acid crystalluria 
with suspicion. 

It is conceivable that a person may have uric acid crystals in his urine 
during many years before the commencement of uric acid stone formation. 
Long-term follow-up of subjects with constant or even occasional uric acid 
crystalluria will be required to clear up this point. If uric acid crystalluria 
would be demonstrated in a large series of apparently healthy subjects to 
presage uric acid stone formation, the question would arise whether their 
denomination as normal subjects is justified. Moreover, in some apparently 
healthy subjects in whom uric acid crystalluria is found, silent uric acid 
stones may be present. 

It is noteworthy in this respect that amongst our “normal” subjects with 
uric acid crystalluria, two had a family history of proven uric acid uro- 
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lithiasis. Since this is often a familial disease, these subjects could be regarded 
as potential uric acid stone formers. Indeed, in our series of gouty patients, 
there are a few who, after having had uric acid crystalluria for several years, 
started to void uric acid stones. It is possible, however, that in these subjects 
silent uric acid stones had been present for a long time. 

The possibility that uric acid crystalluria is a pathological phenomenon, 
either indicating the presence of uric acid stones, or denoting a tendency to 
uric acid stone formation, can as yet not be excluded. Nothing is known on 
the conditions under which such a tendency to uric acid stone formation 
might lead to actual stone production. Hyperuricosuria or low urine output, 
both raising the urinary uric acid concentration, might trigger stone formation 
in these subjects. 


Urinary $H 


Measurement of the urinary pH in patients with nephrolithiasis may pro- 
vide information as to the composition of the stones, and is of special im- 
portance in the diagnosis of uric acid lithiasis. 

According to Cottet, Vittu and Loeper [120, 122, 123, 345], the repeated 
finding of a urinary pH below 5.5 in a patient with urolithiasis raises the 
suspicion that the stones are composed of uric acid. Oxalate stones, on the 
other hand, are generally associated with a urinary pH of 5.6-6.6 and phos- 
phate stones with a pH above 6.6. The generally prevailing low urinary pH 
in uric acid stone patients has been mentioned and stressed by many investi- 
gators: Henneman et al. [362, 372], Armstrong and Greene [17], Badenoch 
[24], Sérane and Lederer [477] and others [302, 525]. According to Sérane and 
Lederer [477] and Cottet and Vittu [124], gouty patients with uric acid stones 
also have a low urinary pH, the same being true for gouty patients who do not 
suffer from lithiasis. This, obviously, does not hold for patients with urinary 
infection due to urea-splitting organisms; in these, the urinary pH is high. 
Thus, the finding of a high urinary pH in the presence of infection with urea- 
splitting organisms, cannot be interpreted to exclude uric acid lithiasis. 

The results of our investigations of the urinary pH in patients with differ- 
ent types of kidney stones are in agreement with those of the above investi- 
gators. In our first series [21, 22] we measured the pH of the morning urine 
within two hours after voiding on repeated occasions in nearly all of our 
patients with urolithiasis. pH determinations were carried out with Universal 
Indicator paper (Merck) or a Beckman Hz pH-meter. No special pre- 
cautions were taken to avoid the escape of CO, from the urine, such as by 
collecting the urine under oil, and no thymol was added to prevent bacterial 
growth, since we were interested to evaluate the diagnostic significance of 
urinary pH measured under the simple conditions normally prevailing in the 
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routine laboratory. Our investigations have shown that within two hours 
after voiding, the pH of the urine collected in clean containers at room 
temperature without additional precautions, does not change more than 0.1 
in case of urinary pH lower than 5.5. On the other hand, the pH of more 
alkaline urine may rise somewhat during the two-hour period of storage at 
room temperature, but not more than by 0.3. Since with the extension of 
our patient material, many patients come from distant regions of the country 
and their morning urine was often voided several hours before the patient 
arrived at the clinic, we have limited the pH data given below to those 
obtained in our first series of stone patients, nearly all of whom lived in the 
neighbourhood. The findings in those patients of the more recent series who 
could be examined repeatedly in the early morning hours conform to the 
observations in the first series. 

In accordance with the findings of the above investigators, in our patient 
material also, the repeated finding of a morning urine pH below 5.5 raises or 
substantiates the suspicion of uric acid stones in a patient with urolithiasis. 
On the other hand, in the presence of infection, no conclusions could be 
drawn from the urinary pH when it is found to be above 5.5. Such patients 
often had urea-splitting organisms in the urinary tract and mixed uric acid 
stones containing phosphate and carbonate. However, when in the presence 
of infection a pH of 5.5 or lower was found repeatedly, this was again 
considered indicative of uric acid stones, either pure or mixed. Indeed, as 
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was pointed out in Chapter 3, on appearance of stones patients with pure 
uric acid stones and those with mixed stones containing calcium oxalate only, 
do have a low urinary pH even in the presence of chronic infection. 

Fig. 16 shows graphically the lowest urinary pH of the morning urine 
found in patients with uric acid stones, both gouty and nongouty, with and 
without urinary tract infection as compared to patients with calcium 
stones. 

The data in Fig. 16 show that the finding of a morning urine pH 5.0 or 
lower strongly substantiates the suspicion of uric acid lithiasis. This was 
true also in the presence of infection. It is also evident from Fig. 16 that in 
patients with nephrolithiasis who have no urinary tract infection, the 
absence of a finding of low urinary pH does not exclude the diagnosis of uric 
acid stones. It is noteworthy that in 4 of the 6 patients with uric acid 
lithiasis but without urinary infection, whose lowest morning urine pH was 
above 5.4, mixed stones were present. 

It should be pointed out that the observation of low urinary pH in uric 
acid stone patients made by Cottet and Vittu [120, 122, 123] was based upon 
examination of the urine after thirsting. On the other hand, in our patients 
the pH was examined in the morning urine without induced oliguria. In our 
experience, as in that of other investigators [17, 24, 362, 372, 477], induction 
of oliguria is not a prerequisite for the occurrence of a low urinary pH in uric 
acid stone patients and, therefore, we did not require fluid deprivation as a 
routine laboratory procedure in our patients. It is not excluded, however, 
that in uric acid stone patients who have a higher urinary pH, induction of 
oliguria might lower their pH, thus investing it with diagnostic importance. 

Noteworthy is the observation that in many of our uric acid stone patients 
without urinary tract infection, the pH of morning urine obtained on re- 
peated occasions showed only minor fluctuations, generally not exceeding 0.4. 
This was true especially in those uric acid stone patients who had a very low 
urinary pH. Most of these had, on repeated examinations, an almost constant 
low morning urine pH. In contradistinction, the calcium stone patients who 
had no urinary tract infection, tended to show larger fluctuations in morning 
urine pH, up to I.5. 

It is interesting to observe that in some of our uric acid stone patients, the 
urinary pH of all specimens passed during the day was found to be nearly 
constant. Illustrative day pH curves in two of our uric acid stone patients 
are given in Fig. 17. Recently, we have carried out a study on urine volume, 
pH and composition, in healthy subjects living and working in a hot desert 
region in the southern part of Israel [278]. A few subjects showed a constantly 
very low urinary pH, for instance 4.7 or 4.8, without presenting a history 
indicative of urolithiasis; one of them had uric acid crystalluria on repeated 
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examination. A low urinary pH in some normal subjects was reported 
recently by Elliott [169]. It is not known whether such “normal” subjects 
with persistently low urinary pH have a tendency to uric acid stone for- 
mation and prolonged follow-up will be required before the significance of 
this finding in respect to uric acid lithiasis can be evaluated. 
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Hematuria 


According to the patients” history and the laboratory findings, hematuria 
was equally common in our patient material among the uric acid stone 
patients and the calcium stone patients (see Table 27). 


TABLE 21 


Hematuria* in idiopathic uric acid lithiasis, gout with and 
without uric acid lithiasis, calcium salt lithiasis and cystine 


lithiasis 
Wath hematuria 
Disease eu E 
patients Number of 
patients A 
Uric acid lithiasis 210 100 47.5 
Idiopathic 155 82 53 
Gouty 55 I8 32.7 
Gout without urolithiasis 23 I 4.3 
Calcium salt lithiasis I50 80 53.2 
Cystine lithiasis 2o II 47.8 


* According to history and/or laboratory finding, macroscopic 
or microscopic. 
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Hematuria was less frequent in the gouty patients with stones than in the 
group of patients with idiopathic uric acid lithiasis. This difference is signifi- 
cant P = o.o1 (Chi Square test). This may possibly be related to the fact 
that small pure uric acid stones were relatively more frequent in gouty 
patients with uric acid stones than in those with idiopathic uric acid lithiasis 
(see Chapter 3). The rare occurrence of hematuria in the group of patients 
with gout who had no evidence of urolithiasis is noteworthy. The presence of 
hematuria in any gouty patient should, therefore, prompt the search for stones. 


Infection of the urinary tract 


Urinary tract infection is a central problem in all patients with urolithiasis, 
both because of suffering associated with the attacks of acute pyelitis and 
because of the progressive kidney damage ensuing from chronic pyelo- 
nephritis which in the course of time leads to the typical small, shrunken, 
fibrotic, pyelonephritic kidney. When the death of a patient with kidney 
stones is due to renal failure, it can nearly always be attributed to chronic 
pyelonephritis. Once chronic infection takes hold in the kidney parenchyma, 
attempts at eradication of the infection are generally unsuccessful, even after 
removal of the primary cause—the stone. Application of the whole modern 
armamentarium of antibiotics and chemotherapeutica may possibly slow 
down but cannot prevent the relentless progression of the destructive 
process. Furthermore, infection of the upper urinary tract markedly enhances 
stone formation, especially when due to urea-splitting organisms, thus setting 
up a vicious circle of stones, infection, more stones and increase in size of 
stones present. Once chronic urinary infection supervenes in a patient with 
urolithiasis, the prognosis of the disease changes drastically, though many 
years may pass until death occurs. 

These gloomy considerations are well illustrated by two uric acid stone 
patients who died in our department of uremia due to ineradicable chronic 
pyelonephritis which had destroyed their kidneys (Case reports No. 10, p. 81 
and 31, p. 216). 

As was pointed out in Chapters 3 and 5, urinary infection is closely 
related to the presence of mixed stones, to the amount of surgery performed 
and as was pointed out above, also related to kidney damage. 

It has been stated in the literature that uric acid stone patients generally 
have sterile urine [66, 106, 266, 432]. Our findings do not bear this out, 
however. Table 22 gives an overall picture of urinary infection in our 
patients. 

It is observed that more than half of all our patients with uric acid stones 
had or have urinary infection. There is no difference between the frequency 
of infection amongst patients with idiopathic uric acid lithiasis and those 
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TABLE 22 


Acute* and chronic urinary tract infection in idiopathic uric 
acid lithiasis, and gout with and without uric acid lithiasis 


Total 
AU 
patients Male Female 
Number of patients 211 164 47 
With infection I25 87 38 
Pericent 59 53.1 81 


* According to history or during hospitalization. 


with gout and urolithiasis. The marked difference in frequence of infection 
amongst gouty patients with stones, as compared to patients with gout with- 
out urolithiasis—s6.5 as compared to 17.4%-—proves the importance of 
stones in the genesis of urinary tract infection. 

Nearly all the patients who gave a history of repeated acute urinary tract 
infection were found to have chronic urinary tract infection. Infection was 
more frequent among females than males, both in idiopathic uric acid 
lithiasis and in gout. 

It may finally be stated that infection supervening in patients with uric 
acid lithiasis, as in any type of urolithiasis, is of grave consequence, in that it 
enhances mixed stone formation, increases stone size (see Chapter 3) and 
promotes development of kidney damage. These harassing facts point to the 
necessity for early and vigorous treatment of urinary tract infection in stone 
patients, often successful only, if at all, after the stones have been removed. 


Kidney damage 


Kidney damage is expected to occur in uric acid lithiasis as in any other 
form of urolithiasis. A special problem is posed in the patients who have uric 
acid urolithiasis and gout. 4 priori one might assume that the percentage of 
patients with kidney damage will be higher in the group of gouty uric acid 
stone patients than in the group of idiopathic uric acid stone patients. Gout 
is a disease in which during the course of the years kidney damage develops 
due to nephrosclerosis and recurrent or chronic pyelonephritis. Modern and 
Meister [382] believed that the kidney disease due to gout is a specific entity 
with a characteristic clinical picture, azotemia, fixed urinary specific gravity, 
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Uric acid lithiasis 


Gout without urolithiasis 


Idiopathic Gout 
AU 
patients Male Female ia Male Female fores Male Female 
156 1 a 40 55 48 7 23 20 3 
94 Zz 32 31 25 6 4 3 I 
60.2 53.5 80 56.5 521 86 17.4 15 33.3 


minimal or absence of proteinuria and formed elements in the urinary sedi- 
ment, and absence of hypertension. This conception, however, was rejected 
by many investigators [518, 557]. Since in most publications the gouty 
patients with urolithiasis are not differentiated from the nonlithiasic gouty 
patients, it is practically impossible to evaluate the amount of renal damage 
due to gout only. Moreover, most of the gouty patients with renal damage 
are in the older age groups, in which a certain amount of renal damage due to 
nephrosclerosis is to be expected. Patients with tophaceous gout are reported 
to have a higher percentage of renal damage than patients without tophi 
[140], but the percentage of patients with tophi amongst the patients investi- 
gated is generally not given, thus making the comparison between the differ- 
ent series virtually impossible. We shall quote only a few modern authors. 
An extensive historical, clinical and pathological review on kidney disease 
in gout was published by Talbott and Terplan [518] in 1960. These authors 
came to the conclusion that deposition of urate crystals in the renal tubules 
or renal parenchyma may be responsible for the albuminuria, hematuria, 
fibrosis, urinary tract infection and the vascular changes in the kidneys in 
gout. A specific vulnerability of the kidneys of gouty patients to uric acid, 
however, could not be excluded. De Seze and Ryckewaert [140], in their 
monograph on gout, extensively reviewed the relevant literature, citing 
percentages of patients with renal damage in reported series of gouty patients 
between 5 and 82%. In discussing kidney damage in their own patient 
material these authors did not distinguish between those with and without 
urolithiasis, although 23% of their patients were afflicted with stones. Like 
Talbott and Terplan [518], De Seze and Ryckewaert hold that deposits of 
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urate crystals are the only specific finding in gouty kidneys. Amongst the 
large patient material of Talbott [516] almost 50% had some evidence of 
renal dysfunction. However, only 6% had a persistent increase in the concen- 
tration of blood urea nitrogen. Amongst 300 gouty patients, examined by 
Gutman and Yii [229] 65, 2.e. 21%, showed evidence of overt renal disease. 
Most of these patients were in the older age groups. Nine of the 65 patients 
t.e. 13.8%, had nephrolithiasis. Of the 235 patients without overt renal 
disease, 27, 2.e. 11.5%, had or had had nephrolithiasis. Brochner-Mortensen 
[140] found that 14 out of 34 gouty patients, most of them probably without 
stones [321, 460], had a urea clearance below 60%. De Sêze and Ryckewaert 
[140] found that 20 out of 100 gouty patients had a urea clearance below 
50% but 23% of their patients had nephrolithiasis. Renal biopsies from 
patients with gout were studied by several investigators [216, 347, 447]. In 
general, vascular changes due to nephrosclerosis, pyelonephritis and intra- 
parenchymal and intratubular uric acid crystals were found. For further 
literature and discussion see Chapter 5, page 81. 

The primary cause of the kidney damage or of the intrarenal deposition of 
uric acid crystals in gout is not clear. The question whether hyperuricemia by 
itself may cause kidney damage has been hotly disputed. Lately Duncan and 
Dixon [154], who studied a family with gout and familial hyperuricemia and 
reviewed the literature, came to the conclusion that hyperuricemia by itself, 
without clinical gout, may indeed cause severe kidney damage. 

Experimentally, the nephrotoxic action of a high serum uric acid level was 
inadvertently proven by Berliner et al. [45] who produced temporary azote- 
mia in the human by intravenous loading of uric acid. Folin et al. [184], in 
their classical paper on uric acid metabolism in 1924, described kidney 
damage due to uric acid infusions in different animals. Dunn and Polson [154] 
produced, by means of uric acid infusion, hyperuricemia in rabbits resulting 
in disturbance of kidney function and histologically proven tubular damage. 
Smith and Lee [488], using the technique of microdissection, showed that in 
the rabbit the intravenous injection of large amounts of concentrated uric 
acid solution causes severe damage to the first part of the collecting tubules. 
Baker and Sison [27] noted changes in the renal ground substance and the 
basement membrane of rats following the ingestion of large amounts of uric 
acid, administered through a stomach tube. Although these short term 
experiments may not be comparable to the kidney pathology in human 
patients with prolonged hyperuricemia, these findings nevertheless may be 
of significance in view of the fact that the urinary uric acid is nowadays 
believed partly to be secreted by the distal tubules (see Chapter 2). 

The importance of uric acid stones as a causal factor in the renal damage 
in gouty patients has been noted repeatedly and we shall cite only a few of 
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the pertinent recent publications. Fineberg and Altschul [176] in 1956 
stressed the role of stones in the production of renal changes in gouty patients. 
The same was noted by Sokoloff in 1957 [492]. Talbott and Terplan [518] 
stated that the presence of stones in the urinary tract is one of the factors 
causing renal damage in gout. Amongst French authors we cite Richet et al. 
[447], who studied kidney biopsies in patients with gout and, like Fineberg 
and Altschul, differentiate sharply between renal damage due to gout and 
that due to stones. 

In order to study the occurrence of kidney damage in our patients as 
related to uric acid stones, we divided our material into two groups: patients 
with idiopathic uric acid lithiasis and patients with uric acid stones and gout. 
The findings will be compared with those in gouty patients without uroli- 
thiasis and in patients with calcium stone disease. Our patients with cystine 
lithiasis are not included, since nearly all of them have renal damage [290]. 
It should be noted that only 9 of our 55 gouty patients with urolithiasis and 
4 of our 17 gouty patients without stones, have tophi. The average age of our 
patients with gout and uric acid lithiasis was only about 6 years higher than 
that of the patients with idiopathic uric acid lithiasis. 

The data in Table 23 demonstrate several notable facts, possibly the most 
important of which is the finding that, as far as urea clearance is concerned, 
idiopathic uric acid lithiasis caused kidney damage more often than calcium 
stones. This observation is the more striking, since our calcium stone patients 
are not random patients but were selected for admission, more than go% of 
them having bilateral and/or recurrent stone disease. The difference in 
percentages of patients with urea clearance below 50% between the group 
with idiopathic uric acid lithiasis and that with calcium stones is statistically 
significant (P < o.o1). The urinary concentration test is affected equally in 
both groups. The percentage of patients with severe kidney damage, 1.e. urea 
clearance of 40% and below is approximately the same. As expected in 
accordance with the discussion at the beginning of this chapter, the combi- 
nation of gout and uric acid stones had a more severely adverse affect on 
renal function than uric acid stones only. This difference is the more signifi- 
cant in view of the fact that the percentage of patients with gout and uric 
acid lithiasis who had urinary infection was smaller than that of the patients 
with idiopathic uric acid lithiasis (see Table 24), and that the former had 
relatively more often small pure uric acid stones and underwent less often 
urologic surgery than the latter (Tables 10 and 19). When using the “t”-test for 
evaluating the difference in urea clearance below 50% of normal between the 
group of patients with idiopathic uric acid stones and the gouty patients 
with uric acid stones, P was found to be 0.03. There was no significant 
difference between the group of gouty patients with uric acid stones and 
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TABLE 23 


Urea clearance and urinary concentration test in idiopathic uric acid 
lithiasis, gout with and without uric acid lithiasis and in calcium salt 


lithiasis 
Uvea cleavance* 
Disease Au ls < 50% dor 
paras Number of 4 Number of %, Number of % 
patients Yo patients is patients É 
Uric acid lithiasis 184 56 30.4 38 20.7 I2 6.5 
Idiopathic 134 33 24.6 22 16.5 8 6 
Gouty 50 23 46 I6 32 4 8 
Gout without urolithiasis 17 6 35.3 4 23.5 3 1710 
Calcium salt lithiasis 129 27 16.3 8 6.2 8 6.2 


* These groups do not include patients who had anuria or oliguria with azotemia for a 
short time, and whose urea clearance improved when the obstruction was removed. 


those without stones, P = 0.5. One may conclude, therefore, that in patients 
with gout and uric acid stones, the gout er se contributed heavily to the 
development of the kidney damage. In agreement with this is the high 
percentage of gouty nonlithiasic patients, who had a low urea clearance, the 
percentage falling between that in the group of idiopathic uric acid lithiasis 
and in the group of uric acid lithiasis and gout. 

The contribution of gout to the kidney damage in the gouty uric acid stone 
patients is even more manifest in the disturbance of the concentrating ability 
of the kidney, 24.2%, of the patients with idiopathic uric acid lithiasis having 
a maximal concentration below 1018 as compared to 79.3% of the gouty 
patients with uric acid stones. The observation that decreased maximal 
urinary concentration was encountered twice as often as decreased urea 
clearance among gouty patients with uric acid lithiasis and that all 5 gouty 
nonlithiasic patients in whom a test was performed also had impaired concen- 
trating ability, fits with the concept of Modern and Meister [382] and the 
findings of Coombs et al. [117] who stated that reduction of maximal urinary 
concentration is often the first functional renal lesion observed in gout. 

Infection was prevalent in uric acid stone patients, both gouty and non- 
gouty, who had kidney damage as seen in Table 24. 

Nearly all patients withidiopathicuricacid lithiasis who had a disturbed kid- 
ney function had also chronic urinary infections. Amongst the gouty patients 
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Concentration test Uvea cleavance and concentration test 
= 20%), < IOI8 < 60%and < IoI8 
AU AU 
Number of % patients Numberof 4 patients Numberof 
patients o patients /o patients Jo 
6 3.3 gI 38 41.8 84 I4 16.7 
3 Po 62 I5 24.2 57 5 8.8 
5; 6 29 23 79.3 27 9 33.3 
5 5 IOO 2 I 
I 0.8 32 8 25 26 4 15.4 


with stones the percentages of those infected was somewhat lower. Urinary in- 
fection was present in only one out ofthe 4 gouty nonlithiasic patients. This 
indicates that the higher frequence of kidney damage in the gouty patients and 
uric acid stones, as compared to the patients with idiopathic uric acid lithiasis 
(see Table 23) can not be explained by urinary tract infection and apparently 
is due to the gout per se. Whether the kidney damage in idiopathic uric 
acid lithiasis patients is due to the highly prevalent urinary tract infection 
(nearly 100%) or whether there is a reverse causal relationship, is not known. 

In conclusion it may be stated that the observations on our patient 
material refute the often expressed opinion that uric acid stones seldom cause 
kidney damage. On the contrary, the kidney damage in patients with uric 
acid stones is at least as frequent and at least as severe as in patients with 
bilateral and/or recurrent calcium stone disease. The above mentioned 
misconception possibly arose from observations on patients who form chiefly 
small uric acid stones and therefore have little or no kidney damage, but in 
our material such patients constitute only the minority of all patients with 
uric acid stones (see Chapter 3, page 51). Further it may be concluded that 
uric acid stones aggravate the kidney damage prevalent in patients with 
gout. Most probably, an important role in the causation of kidney damage 
must be assigned to the urinary tract infection frequently associated with 
the presence of uric acid stones. 
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TABLE 24 

Urea clearance, urinary concentration test and chronic uri- 
nary tract infection in idiopathic uric acid lithiasis and gout 
with and without uric acid lithiasis 


Uvrea cleavrance 


< 60% < 50% 
ia Infected Infected 
AU AU - 

patients No. of %, patients No. of y 

patients is patients o 
Uric acid lithiasis 53 44 83.0 38 29 76.3 
Idiopathic 33 29 87.8 22 I9 86.3 
Gouty 20 15 75.0 16 IO 62.5 

Gout without 
urolithiasis 6 I 16.6 4 I 25 
Uric acid 


There is much confusion in the literature regarding the serum uric acid 
values and the daily urinary uric acid excretion in patients with uric acid 
stones. Statements are often made without giving actual figures. Rarely, 
differentiation is made between uric acid stone patients who have gout and 
those in whom the disease is “idiopathic”. When a series of uric acid stone 
patients includes a large number of gouty patients, the serum uric acid and 
urinary uric acid excretion will obviously be above the average values found 
in normal persons and in patients with stones other than uric acid. The few 
authors who did make this distinction between uric acid stone patients with 
and without gout, found indeed that the groups show marked differences in 
these respects (see below). Furthermore in the reports concerned with uric 
acid lithiasis in patients who have no gout, no mention is made of gout in 
their families, neither is kidney damage, nor are other possible causes of 
hyperuricemia mentioned. 

Two main statements are found in the literature: (a) in patients with uric 
acid stones, either serum uric acid or daily urinary uric acid excretion or both 
are elevated; (b) both are normal in the nongouty uric acid stone patients, 
but elevated in those with gout, in accordance with the findings in patients 
with gout who have no urolithiasis. 


Serum uric acid* 
According to Muellner and Sears [385], one third of the patients with uric 
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acid lithiasis have hyperuricemia and the finding of hyperuricemia in a 
patient with nonopaque urinary tract stone is regarded by them as pre- 
sumptive for the diagnosis of uric acid stones. Suby is of the same opinion 
[513]. In Armstrong and Greene's [17] material, 21%, of the patients with 
idiopathic uric acid lithiasis had hyperuricemia. According to Boyce, quoted 
by Talbott [516], about 20% of nongouty patients have hyperuricemia. Four 
out of the 14 of Melick and Henneman's [372] patients with idiopathic uric 
acid stones had hyperuricemia. According to the French authors, Paillard 
[120] and Sérane and Lederer [477], the serum uric acid is generally elevated 
in uric acid stone patients. Others, Abrami and Lichtwitz, Coste and Del- 
barre, Cottet and Mikol [120] and Cottet [120] maintain that in uric acid 
stone patients without gout, no hyperuricemia is observed. Keyser [297] and 
Greene [219] reached similar conclusions. 

The serum uric acid values in our patients with uric acid lithiasis, both 
gouty and nongouty, whilst being on their regular diet, are given in Table 25. 
The average diet in our population is generally fairly poor in purines and we 
did not find a significant difference in the serum uric acid and the urinary 
uric acid excretion when our patients with idiopathic uric acid lithiasis were 
taking a normal or low purine diet (for difference in serum uric acid P = 0.5, 
for urinary uric acid excretion P = 0.4). The same was found true in a series 
of 60 normal subjects. 

It may be observed from Table 25 that the average serum uric acid values 
and the average of the maximal and the minimal values of serum uric acid 
found in patients with idiopathic uric acid stones on a regular diet were 
similar to that of patients with calcium stones and with cystine stones. 
A significant difference was found in average serum uric acid values between 
the patients with idiopathic uric acid stones and normal subjects (P < o.o1), 
but when excluding the patients with kidney damage, 1.e. those having a 
urea clearance below 50%, the average serum uric acid values of the group 
of patients with idiopathic urolithiasis and that of calcium salt lithiasis is not 
significantly different from that of the normal subjects. These findings are in 
agreement with those of other investigators who found a normal serum uric 
acid in patients with idiopathic uric acid stones, notably Cottet [120]. 

The average serum uric acid level in the uric acid stone patients who have 
gout are of course, elevated. It is of interest that in the group of patients with 
gout but without urolithiasis the average value of serum uric acid is similar 
to that in the group of gouty patients who have uric acid stones. On the other 
hand, the average of the maximal serum uric acid values for the gouty 


* Serum and urinary uric acid were examined in our laboratory by a modification 
of Folin's carbonate method, described by Eichhorn et al. [163] and by the 
method of Bergmann and Dickstein [43]. 
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TABLE) 25 

Serum uric acid in idiopathic uric acid lithiasis, gout with 
and without uric acid lithiasis, calcium salt lithiasis, cystine 
lithiasis and normal subjects on a regular diet* 


Idiopathic Gout and 


uric acid uvric acid 
lithiasis lthiasis 
Number of patients 96 34 
Average serum uric acid, mg % 4.6 7.5 
Number of patients** 59 24 
Average of maximum serum uric 
acid, mg % 5.1 9.0 
Average of minimum serum uric acid, 
mg % 4.3 6.0 


* Patient's usual diet without restriction. 


patients with stones is slightly higher than that in the gouty nonlithiasic 
patients. Since the number of gouty nonlithiasic patients for whom enough 
examinations are available for this calculation is very small, the significance, 
if any, of this observation is questionable. 

Whereas in the group of patients with idiopathic uric acid lithiasis the 
average serum uric acid level was normal (4.6 mg%), in 16 of the 96 patients 
increased values were found, 1.e. above 6.5 mg%. Three of these had a family 
history of joint pains. Though no detailed information on their relatives is 
available, the possibility of gout in these families cannot be excluded. The 
father of a fourth patient has clinical gout. Five patients, including the last 
mentioned whose father has gout, had kidney damage according to the urea 
clearance test or the maximal urinary concentration test, and four of them 
had a raised serum urea. It is interesting to note that two of these patients 
with elevated serum uric acid levels had on a low purine diet a constant 
marked hyperuricosuria averaging 1300-1500 mg per day, with maxima of 
1570 and 2750 mg. The third patient had a markedly fluctuating uricosuria, 
up to 1800 mg per day. Four further patients with hyperuricemia but with- 
out kidney damage had also hyperuricosuria, one of them above 2000 mg 
per day. There remain eight patients with idiopathic uric acid lithiasis who 
had hyperuricemia without kidney damage or a family history indicative of 
gout. Whether some of the hyperuricemic-hyperuricosuric uric acid stone 
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Calcium Gout 


e E E 6o 
Êo pe 74 4.3 
55 I4 a 
a 51 8.8 
gs do 6.1 


** Only those patientsin whom at least 3 examina- 
tions were done. Normal subjects were examined 
only once. 


patients, who at present are included in the “idiopathic” group, will develop 
clinical gout at a future date, can be decided only by a prolonged follow-up 
study. 


Urinary uric acid excretion 

Great importance is attached to the uric acid excretion in patients with 
uric acid stones, especially since patients with diseases accompanied by 
increased uric acid excretion, such as gout, lymphoma and polycythemia, 
have a high frequency of uric acid stones. Gout is the prototype of a disease 
with altered uric acid metabolism, fairly often associated with uric acid 
lithiasis. A short tabulation of the prevalence of urolithiasis in patients with 
gout culled from recent reports, is given in Chapter 9. Those authors who 
examined the stones obtained from their gouty patients, amongst others 
Paillard and Faubert [345], Kittredge and Downs [302], Sérane and Bonniot 
[476], Weiss and Segaloff [557], found most of the stones to be composed of 
uric acid. As is well known, however, and recently demonstrated once more 
by Gutman and Yi [229], less than 30% of all gouty patients have hyper- 
uricosuria. We could not ascertain from the literature whether gouty patients 
who had hyperuricosuria were those very same patients who formed the uric 
acid stones. Furthermore, we did not find any reports on diseases of the 
hematopoietic and lymphatic system, in which the daily uric acid excretion 
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TABLE 26 

24-h urinary uric acid excretion in idiopathic uric acid 
lithiasis, gout with and without uric acid lithiasis, calcium 
salt lithiasis, cystine lithiasis and normal subjects 


Idiopathic Gout and 
uric acid uvic acid 
lithiasis lithiasis 

Number of patients 97 30 
Average 24-h urinary uric acid 
excretion 645 648 
Number of patients* 53 24 
Average of maximum 24-h urinary 
uric acid excretion 862 852 
Average of minimum 24-h urinary 
uric acid excretion 419 396 


* Only those patients in whom at least three daily examina- 
tions were done. 


in the stone-forming patients was compared to that of patients who did not 
form stones. 

According to Sérane and Lederer [477], Suby [513] and others, hyperurice- 
mia and hyperuricosuria generally go together in uric acid stone patients. 
Allen [8] even stated that increased uric acid excretion is a prerequisite to 
uric acid stone formation. Those authors who maintain that normouricemia 
is the rule, found on the other hand in idiopathic uric acid stone patients, 
normouricosuria as well. Thus, Cottet and coworkers [120, 345], observed a 
normal uric acid excretion in their uric acid stone patients, similar to that in 
their calcium stone patients and normal subjects. 

There are marked differences in the values for normal daily urinary uric 
acid excretion reported in the literature. The average daily uric acid excretion 
on a low purine diet is given as 300-600 mg. According to Grayzel et al. [213] 
only about 3% of normal persons excrete more than 600 mg daily, whilst on 
a low purine diet. The daily excretion on a normal diet is higher by about 
200-300 mg. On the other hand, higher values for uric acid excretion on a 
normal diet in normal populations, are mentioned. (For literature see 
Chapter 2). In an investigation of 56 healthy subjects living in agricultural 
settlements, the average daily urinary uric acid excretion on a normal diet 
was found within the normal ranges given in the literature about 650 mg 
per day. 
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lithiasis urolithiasis dd 
I20 I9 fo) 56 
688 480 884 650 

64 II 7 34 
894 574 1243 837 
449 358 585 409 


The urinary uric acid excretion on a normal diet in our patients with uric 
acid lithiasis, as compared to that in patients with calcium or cystine lithiasis, 
patients with gout without urolithiasis, and normal subjects, is given in 
Table 26. 

As may be observed in Table 26, there was no difference in the average 

values of uric acid excretion between patients with idiopathic uric acid 
lithiasis, patients with uric acid lithiasis and gout and normal subjects. 
Interestingly, the daily urinary uric acid in patients with gout who did not 
have urolithiasis was higher than in those with urolithiasis. 
“The average of the maximal urinary uric acid excretion in the patients 
with idiopathic uric acid lithiasis and those with gout was also similar to that 
in normal subjects. The nonlithiasic gouty patients had a markedly higher 
average maximal urinary uric acid excretion. Essentially the same findings 
are observed for the average of the minimal urinary uric acid excretion 
values. All values are slightly higher in patients with calcium stones and 
lower in patients with cystine stones. Many of our patients with cystine 
lithiasis, however, had severe kidney damage and those who had normal 
kidney function had also a normal uric acid excretion. In conclusion, patients 
with uric acid stones, both gouty and idiopathic, are as a group not dis- 
tinguished by hyperuricosuria. 

In an attempt to delineate a possible metabolic characteristic of uric acid 
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stone patients, their daily uric acid excretion was examined while they were 
on a low purine diet. The uric acid excretion was determined repeatedly 
after they had been on such a diet for at least three days and their average 
daily excretion was calculated. 

Fig. 18 shows the distribution of the average daily uric acid excretion in 
our patients with idiopathic uric acid stones while being on a low purine diet. 


Number of patients 


Fig. 18. Daily uri- 
nary uric acid ex- 
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Whilst 44 patients had an average daily excretion of 400-700 mg, 16 patients 
excreted smaller amounts and 36 patients excreted more, 5 of them between 
1700-2200 mg daily. This distribution was even broader than that for the 
patients with gout investigated by Gutman and Yiú [229]. We have no 
sufficient data on the daily uric acid excretion of normal subjects on a low 
purine diet. However it may be seen from Fig. 19, showing the distribution 
of daily uric acid excretion by normal subjects on their regular diet, that 
under these conditions only 2 out of 67 normals excreted more than 1000 mg 
per day. Although the daily uric acid excretion on a low purine diet is 
expected to be lower, we arbitrarily took 1000 mg as the normal border value 
for evaluation of hyperexcretion on a low purine diet. Seventeen out of the 
96 uric acid stone patients investigated on a low purine diet excreted more 
than 1000 mg of uric acid per day, and may, therefore, according to the 
above criteria, be considered hyperexcretors and obviously also hyper- 
producers. Since in 13 of these 17 patients with an average daily uric acid 
excretion above 1000 mg the serum uric acid level was normal, it is also 
obvious that these 13 patients had an elevated uric acid clearance. These 
patients, therefore, in addition to being uric acid overproducers, must have 
had a renal abnormality, underlying the abnormally elevated uric acid 
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clearance. If we compare our figures for uric acid excretion with the upper 
normal values on a low purine diet culled from the literature—between 600 
and 700 mg daily (see Chapter 2), the number of idiopathic uric acid stone 
patients who were uric acid hyperexcretors and overproducers, would even 
be higher. One should be cautious, however, in comparing our results with 
the values for uric acid excretion given in the literature, since different 
methods of uric acid determination were used. 
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Table 27 shows the uric acid clearance in the 17 hyperexcretors, calculated 
from the 24-h uric acid excretion and the serum uric acid value. 

These uric acid clearance values should be compared to the normal 
clearance values of 7-15 ml/min (see Chapter 2). One may speculate whether 
these uric acid stone patients would have developed clinical gout if their 
uric acid clearance had not been so abnormally high. As a group they would 
certainly have had marked hyperuricemia, on the other hand, moderate 
hyperuricemia was found in only three of them. One may further speculate 
that such uric acid stone patients will develop clinical gout in the course of 
the years, as a result of a gradual lowering of their uric acid clearance due to 
the development of renal damage. 

Comparing the Fig. 18 with Fig. 20, it is seen that, similarly to the group 
of patients with idiopathic uric acid lithiasis, the patients with gout and uric 
acid stones show a broad distribution of daily uric acid excretion on a low 
purine diet. 

The distribution of daily uric acid excretion of patients with gout but with- 
out urolithiasis seems narrower, but this may be due to the smaller number 
of patients examined. 
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PABLE 27 

Uric acid clearance expressed as ml/min in patients with idio- 
pathic uric acid stones, whose daily urinary uric acid ex- 
cretion was above 1000 mg 


ai Uric acid 
Numb er of Ge a é cleavrance 
Pavents excretion, mg mijmin 
3 IOOI-IIOO 18-22 
4 1001-1200 I5-I9 
2 I201-1300 I4-20 
2 1301-1400 9-17 
I 1401-1700 DT 
2 1701-2000 25-28 
3 2001-2200 24-32 


Comparing these distributions of daily uric acid excretion by the uric acid 
stone patients with that of calcium stone patients on a regular diet (Fig. 21), 
a difference is observed. The bulk of the distribution curve for the calcium 
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stone patients is shifted slightly to the right, in accordance with the some- 
what higher average values of uric acid excretion found in the calcium stone 
patients (see Table 26). The base of the curve in the calcium stone patients is 
narrower and the whole curve has a more “normal” appearance when com- 
pared to Fig. 19 for normal subjects. There are, however, also amongst these 
calcium stone patients a few hyperexcretors with an abnormally high uric 
acid clearance. 

From the distribution of uric acid excretion in cystine stone patients 
shown in Fig. 22, little additional information can be obtained. Many of 
these patients with cystine lithiasis had severe kidney damage. This may 
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possibly explain the shift of the curve to the left in comparison with the 
normal subjects. 

The individual uric acid excretion on a low purine diet is stated to be very 
constant [29, 417], but daily variations up to 100 mg may occur [79, 498]. 
In patients with gout the daily uric acid excretion may fluctuate fairly 
widely. However, some of our normal subjects and of our patients with 
idiopathic uric acid lithiasis behaved differently in this respect. Though many 
of our normal subjects and patients with idiopathic uric acid lithiasis during 
the several years they were under our observation had a remarkably constant 
uric acid excretion whilst on a low purine diet, in others large fluctuations in 
the daily uric acid excretion were observed. Interestingly, most of the patients 
with large fluctuations were also hyperexcretors of uric acid. Whether these 
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TABLE 28 

Serum calcium and phosphorus in idiopathic uric acid 
lithiasis, gout with and without uric acid lithiasis, calcium 
salt lithiasis, cystine lithiasis and in normals 


Idiopathic Gout and 


uvric acid uvic acid 
lithiasis* lthiasis 
Number of patients 128 38 
Average serum calcium, mg % 9.6 9.7 
Average serum phosphorus, mg % 3.6 4.1 


* Patients with proven or suspected hyperparathyroidism 
were excluded (two of these had uric acid stones). 


fluctuations in uric acid excretion found in some of the uric acid stone patients 
are real or reflect inconstancy of urine intake and irreliability of urine col- 
lection, cannot be decided at this stage. The observation that those patients 
who had a fairly constant excretion were generally in the normal or low range 
of uric acid excretion seems to be in favor of the fluctuations being a real 
characteristic of these uric acid stone patients. Moreover, normal subjects on 
a low purine diet showed much less variation in uric acid excretion than many 
patients with idiopathic uric acid lithiasis. 

These observations on uric acid excretion may be summarized as follows: 
The average uric acid excretion of the patients with uric acid lithiasis does 
not differ significantly from that of normal subjects and from that of patients 
with calcium stones. There is no direct relation between uric acid excretion 
and stone formation. On the other hand, some uric acid stone patients, both 
gouty and nongouty, do show an abnormality in uric acid metabolism, 
expressing itself in overproduction and high renal clearance of uric acid. 
Some uric acid stone patients show marked fluctuations in urinary uric acid 
excretion. 


Serum and urinary calcium and phosphorus 


Since serum and urinary calcium and phosphorus are of great importance in 
the differential diagnosis of urolithiasis, these parameters were examined in 
most of our uric acid stone patients*. 


* Serum and urinary calcium and phosphorus were examined by Beckman flame- 
photometer according to the instructions of the manufacturer [33] and the 
method of Fiske-Subbarow according to Fister [181] respectively. 
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Gout Calcium Ê 
without salt Pengu N Rdio 
urolithiasis lithiasis* iai subjects 
I5 I38 22 29 
9.9 IO.I 9.8 10.0 
3:7 3.4 3.9 3.7 


It may be seen from Table 28 that the average serum calcium and phos- 
phorus values in the various groups of patients with different stone type fell 
in the normal range. All the uric acid stone patients in whom abnormally low 
levels of serum calcium or abnormally high levels of serum phosphorus were 
found, had marked renal failure. Two uric acid stone patients who had an 
elevated serum calcium and a low serum phosphorus, were proven to have 
hyperparathyroidism (see Chapter 8). 

Only a few studies on the urinary calcium excretion in uric acid stone 
patients have been reported. According to Melick and Henneman [372], uric 
acid stone patients have on the average a lower urinary calcium excretion 
than calcium stone patients and even a lower excretion than normal subjects, 
the average being 41 mg per day. Since the average daily urinary calcium 
excretion in any large series of calcium stone patients is higher than in 
normal subjects [68, 120, 182, 437], the first part of their findings is not 
surprising. No explanation was given by these authors for the hypocalciuria 
found in their uric acid stone patients. Cottet and coworkers [120], however, 
found the calcium excretion of uric acid stone patients to be similar to that 
of normal subjects. 

The daily urinary calcium excretion of our patients is given in Table 29. 

Although the patients with suspected or proven hyperparathyroidism 
were excluded, the average daily urinary calcium excretion in the calcium 
stone patients was found to be higher than that in normal subjects, as was 
to be expected. The average of the daily calcium excretion in the patients 
with idiopathic uric acid lithiasis was similar to that in normal subjects, but 
the patients with gout and uric acid lithiasis excreted less calcium. Since the 
cystine stone patients had also a low calcium excretion, and since many of 
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BABLE 29 


Daily urinary calcium excretion in idiopathic uric acid 
lithiasis, gout with and without uric acid lithiasis, calcium 
salt lithiasis, cystine lithiasis and normal subjects on a 
regular diet 


Idiopathic Gout and Gout Calcium Crstine Normal 


uric acid uricacid without salt ihid sis Eca 
lithiasis* lithiasis stones luthiasis* j 
Number of patients 128 38 I5 138 2 43 
Average of 24-h calci- 
um excretion, mg 168 I4I 188 230 145 175 


* Patients with suspected or proven hyperparathyroidism were excluded (two of 
the uric acid stone patients had hyperparathyroidism). 


these patients had marked renal damage, the possibility was considered that 
the low calcium excretion in the gouty uric acid stone patients was related to 
the renal damage. The average daily calcium of the gouty uric acid stone 
patients without obvious renal damage was therefore calculated and found 
not to differ significantly from the urinary calcium excretion of the normal 
subjects. 

The daily urinary phosphorus excretion in the various groups of patients 
and in normal subjects is given in Table 30. 

It is observed that the patients with uric acid stones, and especially those 
with uric acid stones and gout, had a relatively low urinary phosphorus 


TPABLE30 


Daily urinary phosphorus excretion in idiopathic uric acid 
lithiasis, gout with and without uric acid lithiasis, calcium 
salt lithiasis, cystine lithiasis and normal subjects on a 
regular diet 


Idiopathic Gout and Gout Calcium Epa NG 


uric acid uricacid without salt lilhiasi ee 
lithiasist lithiasis stones lithiasist NUMAS suojeas 
Number of patients 127 40 15 135 I9 43 
Average of 24-h phos- 
phorus excretion, mg 628 550 GAP 735 636 885 


* Patients with suspected or proven hyperparathyroidism were excluded (two of 
the uric acid stone patients had hyperparathyroidism). 
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excretion. Since here again, the cystine stone patients, in whom kidney 
damage was frequent and considerable, had also a lowered phosphorus 
excretion, the influence of kidney damage in the uric acid stone patients was 
evaluated. The average daily phosphorus excretion in the uric acid stone 
patients without kidney damage, was 689 mg in the group of idiopathic uric 
acid stones and 857 mg in the group of patients who had gout in addition. 
The difference in daily phosphorus excretion between the patients with 
idiopathic uric acid lithiasis who had no obvious kidney damage and the 
normal subjects is statistically significant (P < o.or), whereas that between 
the gouty patients with uric acid lithiasis without kidney damage and the 
normais is not significant (P = o.1). 


Spectrum of abnormal laboratory findings 


It is noteworthy that out of 150 patients with idiopathic uric acid lithiasis 
who were extensively investigated, 77 had some abnormality in serum or 
urinary uric acid, calcium or phosphorus. 

Sixteen had hyperuricemia, as discussed earlier in this chapter. All these 
patients had an additional abnormal chemical finding. Six of these had 
hypocalciuria on a regular diet, 4 of them below 75 mg per day; one of them 
had severe kidney damage. On the other hand 4 patients with hyperuricemia 
had hypercalciuria, on a regular diet above 300 mg daily. Six patients had 
hypophosphaturia (below 700 mg per day), three below 500 mg. Three of 
them had severe kidney damage. One patient had hyperphosphaturia, 
excreting 1300 mg daily. Six patients had a constant hypophosphatemia 
below 3 mg%, one of them with kidney damage. 

Interesting combinations of abnormalities were found in some of the uric 
acid stone patients with hyperuricemia. Two patients without kidney damage 
had both a low daily phosphorus and a low calcium excretion. Another 
hyperuricemic patient with a normal urea clearance had a low serum phos- 
phorus, a normal serum calcium, a low urinary calcium, a normal urinary 
phosphorus and excessively high urinary uric acid excretion—average 2200 
mg daily on a low purine diet. Three patients had hypophosphatemia and 
hypercalciuria with normocalcemia. One patient who had a combination of 
many abnormal chemical findings in addition to his hyperuricemia is here- 
under presented in detail. 


Case No. 11. M.S., a 26-year old Israeli-born manual worker, bachelor, was 
seen first in the outpatient clinic in December 1960, because of bilateral renal 
colics and hematuria. His father had suffered from kidney stones and expelled a 
reddish stone. The patient's disease began in 1955, when after a soccer match 
he had hematuria and a little while later a right renal colic. A plain abdominal 
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film showed a small partially calcified stone. In 1958 he had recurrent renal 
colics, this time bilaterally. A plain abdominal film showed a partially calcified 
staghorn stone in the right kidney and in the lower pole of the left kidney a 
calcified stone. In 1960 physical examination was normal. His urine contained 
one plus albumin, numerous red and white blood cells, the pH was 6.4, the 
maximal specific gravity 1018. The blood hemoglobin was 17.4 g%, the red blood 
cell count 5,600,000 per mm?, the white blood cell count 6100 per mmê?. The 
erythrocyte sedimentation rate was 4 mm in the first hour. The blood urea was 
30 mg%,, blood glucose 92 mg'%, the urea clearance 110%, serum phosphorus 
2.2-2.8 mg%, calcium 9.4-10.4 mg%, uric acid 5.1-5.9 mg%. The 24-h urine 
output on free fluid intake ranged from 1500-2400 ml. The 24-h urinary calcium 
excretion on a low calcium diet was 370-400 mg, phosphorus 940-1300 mg. 
The 24-h uric acid excretion on a regular diet was up to 2790 mg, cystine 120-216 
mg. A chromatogram of the urine showed increased cystine. A blood sugar 
tolerance curve and the serum alkaline phosphatase were normal. A plain ab- 
dominal film showed several large, partially translucent stones in the right kidney 
and a small calcified stone in the left kidney. Intravenous urography showed fair 
excretion of contrast material on the right and hydronephrosis on the left. 
Roentgen examination of the bones was normal. The patient refused further 
examinations and did not return for follow up. 


Comment: This patient had urolithiasis, hyperuricosuria, hypercalciuria, 
hyperphosphaturia, cystinuria, a low serum phosphorus, a normal serum 
uric acid and serum calcium, and probably polycythemia. Circumstantial 
evidence pointed to mixed uric acid stones: inhomogenous, partially trans- 
lucent stones, massive hyperuricosuria, the history of patient's father, and 
possibly the polycythemia. Cystine stones are improbable because of the only 
moderately elevated cystine excretion. A tubular defect may be assumed in 
this patient. Its nature, however, was not defined. 

Sixty-four patients who had idiopathic uric acid lithiasis but no hyper- 
uricemia, had some abnormality in urinary uric acid, calcium or phosphorus 
excretion or of serum phosphorus. Twenty-one patients had a nearly constant 
hyperuricosuria with an average above IIoo mg per day, 4 of them had 
kidney damage. Two of the latter had an average value for uric acid ex- 
cretion of above 2000 mg daily. Seventeen patients had an average serum 
phosphorus below 3 mg%, 2 of whom had a lowered urea clearance. Seven- 
teen patients had a low average daily phosphorus excretion below 500 mg, 
but 12 of them had kidney damage. Four patients without kidney damage 
had an average phosphorus excretion above 1000 mg. Fourteen patients had 
an average daily calcium excretion below 75 mg on a normal diet; ro of them 
had kidney damage. Seven patients had an average daily calcium excretion 
above 300 mg on a regular diet; 2 of these had kidney damage. 

In this group of idiopathic uric acid stone patients who had no hyper- 
uricemia, combined chemical abnormality was less frequent than in the 
hyperuricemic group. Four patients had hypophosphatemia, two of them 
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with hypocalciuria below 75 mg daily, one with hypercalciuria above 300 mg, 
one with hypercalciuria and hyperphosphaturia. 12 patients had both hypo- 
phosphatemia and hypocalciuria. 

Amongst 50 uric acid stone patients who had gout, there were 19 who had 
some abnormal chemical finding, other than elevated serum or urinary uric 
acid. Five had hypophosphatemia; 3 of these had kidney damage. Six 
patients had an average daily phosphorus excretion below 500 mg: all those 
had kidney damage. Ten patients had an average daily calcium excretion 
below 75 mg; 7 of them had kidney damage. Four had an average daily 
calcium excretion above 300 mg; 2 of these had kidney damage. 


Summarizing, we may conclude that although hypocalciuria did occur in 
some of our uric acid patients, this was not a general feature of the disease. 
This is in accordance with the findings of Cottet [120]. On the other hand, 
there was some tendency to hypophosphatemia, even amongst the patients 
with kidney damage. Moreover, many of the uric acid stone patients showed 
some abnormality in their serum calcium levelor their urinary calcium and/or 
phosphorus excretion, chiefly hypophosphaturia. In several of these patients 
these abnormalities could be attributed to disturbed renal function, but in 
many others this was not evident. The marked disturbances in the renal 
handling of uric acid, calcium and phosphorus in many of the uric acid stone 
patients suggest that tubular defects may be a feature of uric acid stone 
disease. 


cnaprer7 Roentgenological Findings 


The roentgenological examination of the urinary tract is of great importance 
in the diagnosis of uric acid lithiasis, when evaluating the results in the hght 
of history and clinical and laboratory findings. 

Pure uric acid stones are generally nonopaque on roentgenological exami- 
nation and thus not visible on plain abdominal films [66, 76, 572]. As a rule 
they show filling defects on intravenous or retrograde contrast urography. 
Small pure uric acid stones situated in the renal pelvis, in addition to being 
invisible on a plain film, often are also not detectable on contrast urography, 
since they are masked by the thick layer of the surrounding contrast medium 
[76]. When, however, such small stones are situated in a renal calyx or in the 
ureter, they may show up as a filling defect (Fig. 23, 33). Contrast urography 
with air may delineate small stones which are otherwise invisible [76]. 


Fig. 23. Intravenous pvelogram. Two small filling defects in ureter. 


Large pure uric acid stone may be visible on a plain film as a circumscript 
shadow of low density (Fig. 24), and, obviously, are observed as filling 
defects on contrast urography (Fig. 25). There are two causes for the low- 
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Fig. 24. Plain film. Large shadow of low density in left kidney, 
pure acid uric stone proven by chemical examination. 


Fig. 25. Intravenous pyelogram. Large filling defect in left 
kidney due to pure uric acid stone, corresponding to the shadow 
in Fig. 24. 
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Fig. 26. Large amount of pure uric acid, commercial pre- 
paration. 


Fig. 27. Roentgenogram of commercial pure uric acid, 
shown in Fig. 26, and photographed from above. 
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density shadow cast by large uric acid stones. Large amounts of chemically 
pure uric acid (Fig. 26) cast a faint shadow on X-ray as shown in Fig. 27. 
Furthermore, the matrix of pure uric acid stones contains small amounts of 
calcium [73, 74) and small amounts of sulfur [67), both of which are radio- 
opaque. 

The combination of a large filling defect on contrast urography and a 
corresponding faintly visible shadow on plain film, points to a pure uric acid 
stone. Whereas this combination may also be found in cystine lithiasis, pure 
cystine stones, when visible on a plain film, generally cast a denser shadow. 

According to Watson [553], a cystine stone becomes visible on a plain film 
when it is large and contains more than 6% of sulfur. Others are of the 
opinion that all but about 8% of cystine stones are visible on plain films [412]. 

Other rare nonopaque stones, such as small xanthine stones, cholesterol 
stones, waxy stones and fibrin stones do not show up on a plain film. The 
presence of a filling defect on contrast urography in the absence of a corre- 
sponding shadow on plain film, may also be found in other conditions such 
as tumour, cyst, polyp and blood clot [24, 76, 285, 385, 403, 406, 542]. The 
roentgenological differential diagnosis of these filling defects may be difficult 
and sometimes impossible. During retrograde urography, an air bubble may 
inadvertently be introduced into the urinary tract and mimic closely a 


Fig. 28. Plain film. Mixed uric acid stone visualized as 
a translucent area surrounded by a denser layer. 
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Fig. 29. Plain film. Mixed uric acid staghorn stones visual- 
ized as irregularly distributed areas of marked density bor- 
dering on more translucent areas. 


filling defect such as that caused by a nonopaque stone. This filling defect 
will be found to have disappeared on repeat urography after a few days [24,76]. 

Uric acid stones mixed with calcium salts, 2.º. mixed uric acid stones, are 
visible on a plain film. Often they show features which make it generally 
fairly easy to differentiate between them and calcium salt stones which do 
not have an admixture of uric acid. An uneven distribution of dense material 
casting an inhomogenous shadow is characteristic of mixed uric acid stones. 
Mixed uric acid stones may present three characteristic forms on plain ab- 
dominal film: shadows with a translucent central or excentric area surrounded 
by a denser layer (Fig. 28), shadows with irregularly distributed areas of 
marked density bordering on more translucent areas (Fig. 29), and shadows 
with alternating concentric layers of different density (Fig. 30). It should be 
stressed that mixed uric acid stones which contain relatively large amounts 
of calcium salts may be roentgenologically indistinguishable from calcium 
salt stones. On contrast urography, mixed uric acid stones may show a dense 
area within a filling defect. 
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We have observed a roentgenological feature which occurs rather often in 
uric acid stone patients. On intravenous urography, one or more calyces are 
not delineated sharply or are invisible (Fig. 31). On retrograde urography 
these calyces mostly remain invisible. After successful treatment, repeat 
urography shows the formerly invisible calyx sharply outlined. This finding 
may be explained tentatively as follows: a pure uric acid stone may obstruct 
a calyx, or that part of the kidney which empties into the calyx has become 
functionless, the tubules being blocked by uric acid crystals or small stones. 

Nephrocalcinosis is not a feature of uric acid lithiasis. Since, however, 
nephrocalcinosis may develop in chronic pyelonephritis [438], it might be 
expected to occur also in uric acid lithiasis. This, apparently, is a rare 
occurrence in uric acid lithiasis since in our patient material only one such 
case in which other causes of nephrocalcinosis could be excluded, was found. 

According to our experience with 209 uric acid stone patients, the X-ray 
findings in uric acid lithiasis may be classified, according to the location and 
size of the stones and the admixture of calcium salts, into five main groups. 

1. Both plain film and contrast urography negative. Patients with such 
X-ray findings generally give a history of having passed numerous small 
stones and sand. 

2. Plain film negative and filling defect(s) on contrast urography, in- 


Fig. 30. Plain film. Mixed uric acid stone visualized as al- 
ternating concentric layers of different density. 
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Fig. 31. Intravenous pyelogram. Calyces not visualized. 


travenous and/or retrograde. In patients whose renal excretion of contrast 
medium is inadequate for visualization of the urinary tract by intravenous 
urography, retrograde urography will show the filling defect. There were 
8 patients who on plain film were seen to have a mixed stone and, in addition, 
on contrast urography a filling defect caused by a pure uric acid stone. 

3. Shadow of low density on plain film, with corresponding filling defect 
on contrast urography. Generally these are large uric acid stones. 

4. Shadow of inhomogenous density on plain film. Such X-ray findings are 
obtained from patients with uric acid stones mixed with calcium salts. 

5. One or more calyces are not visualized on intravenous urography. Some 
of these patients had in addition mixed stones, visible on plain film. 

The roentgenological findings in 209 uric acid stone patients are shown in 
Table 31. 

It is observed that out of 209 patients with uric acid lithiasis 146, t.e. 
69.9%, had abnormal roentgenological findings.The most frequent roentgeno- 
logical finding was the presence of one or more mixed stones. Large, pure 
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uric acid stones, visible on plain films as shadows of low density, were found 
in II patients. In most of these patients the diagnosis of pure uric acid stones 
was confirmed by chemical examination of stones obtained at operation or 
post mortem, and, in a few, by indirect evidence and dissolution of the stones. 
There were in our patient material quite a number of additional cases in 
which faintly visible shadows caused by smaller pure uric acid stones were 
observed on plain film. Since contrast urography was thought necessary to 
substantiate this finding, these patients were not included in this group. 
À surprisingly small number of patients had filling defect or defects: 23, and 
of these, 8 patients had, in addition, calcium-containing stones visible on 
plain film. These 23 patients constitute only 11% of the 209 patients whose 
X-ray examinations were available to us. This surprisingly small percentage 
of filling defects is probably due to the fact that small stones are often in- 
visible on contrast urography [76] and that the larger ones generally cause 
chronic infection which adds calcium or magnesium to the uric acid stones 
so that they become visible on plain films. 

Thirty one patients showed lack of contrast material in one or more calyces 
on intravenous urography, five of them having calcified stones on plain film 
in addition, We consider the “sign of the invisible calyx” to be of the utmost 
importance in roentgen-diagnosis of the elusive small pure uric acid stone. 
We have never observed this phenomenon in patients with other stones and, 
in all patients in whom it was present, uric acid stones had been, or were 
subsequently, proven by chemical examination. In a few cases, a stone 
casting a homogenous dense shadow was seen in one kidney and an “invisible 
calyx” was noted in the same or the other kidney. The latter finding prompt- 
ed us to diagnose the presence of pure and mixed uric acid stones, andin all 
cases for which stones subsequently became available for examination, we 
were proven correct. We saw one patient who had on plain film a large soft 
tissue shadow in the region of the right kidney. Intravenous pyelography 
showed no excretion on this side and normal excretion of the left kidney, 
except that one calyx was not visualized. Retrograde urography on the right 
side showed a complete stop with an irregular border in the right ureter at 
the height of the iliac crest. According to the roentgenologists and the 
urologists, the irregular lower border of the obstruction strongly favoured the 
diagnosis of a tumour. On the basis of the finding of a nonsecreting calyx in 
the left kidney, however, we suggested the possibility of an impacted right 
ureteral uric acid stone with hydronephrosis of the right kidney. On surgical 
exploration, a uric acid stone was found. One should, however, exercise 
caution in the interpretation of a nonvisualized calyx, since it may be difficult 
to exclude a tumour as the cause of the obliteration of the calyx [76]. 

Eighteen patients had a large hydronephrosis and in most of them ob- 
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structing stones could be demonstrated. Some of these patients were operated, 
in others the stones were dissolved by alkalinizing the urine. Some patients 
had very large nonobstructing stones with hydronephrosis and, in a few 
patients, hydronephrosis was observed although no stones could be demon- 
strated at the time of X-ray examination. One of them had a congenital 
structure of the uretero-pelvic junction. In the others it must be assumed 
that an obstructing stone had been present previously. 

Twenty-one uric acid stone patients showed complete lack of excretion or 
delayed faint excretion of contrast material by one kidney. Only im II, the 
presence of one or more stones was proven at the time of the examination. 

There was no difference in the X-ray findings when comparing the idio- 
pathic uric acid stone patients with those having gout in addition, except 
that the lack of excretion of contrast material and nonvisualization of a calyx 
was more frequent in the gouty group. This may be due to kidney damage 
caused by gout. 

In conclusion the following features deserve special mention. 

I. À high percentage ofuric acid lithiasis patients have abnormal roentgen- 
ological findings of the urinary tract. 

2. In a considerable number of patients with uric acid lithiasis, the stones 
are visible in a plain abdominal film, either due to calcium salt admixture, 
or to their large size. 
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3. Mixed uric acid stones generally are recognized by their inhomogenous 
appearance in plain film. 

4. Filling defects are relatively infrequent in our uric acid lithiasis patient 
material. 

5. Nonvisualization of a renal calyx in intravenous urography is considered 
an important sign of uric acid stone in a patient with urolithiasis. 

6. Negative X-ray findings, both on plain film and on contrast urography 
in a patient with clinical signs of urolithiasis are indicative of uric acid 


lthiasis. 
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Since uric acid lithiasis is amenable to prevention and treatment and actually 
is one of the few kidney stone diseases in which medical treatment is most 
successful, the early diagnosis of this condition is of the utmost importance. 

The diagnosis of uric acid lithiasis can be made with certainty only when 
the stone is obtained for examination and is shown to be composed of uric 
acid (pure uric acid stone), or, when in the presence of calcium salts, 1t is 
shown to contain a considerable amount of uric acid (mixed uric acid stone). 
Since the uric acid may be located in the center of a mixed stone and be 
completely embedded in a shell of calcium salt, the diagnosis of a mixed wuric 
acid stone may be missed when only scrapings of the outer part of the stone 
are examined. Every stone should be fragmented into small pieces which 
should be inspected with a magnifying glass for differences in color and tex- 
ture. Several fragments should be examined, especially of the stones which 
show an inhomogenous appearance on X-ray and of those with fragments of 
markedly different aspect. 

It is of cardinal importance not to limit the examination to one stone only, 
when obtained from a patient who has passed many stones. Quite a few 
patients with uric acid lithiasis may pass in the course of vears, in addition 
to pure or mixed uric acid stones, stones composed of calcium salts only, 
such as calcium oxalate, and, in the presence of urinary tract infection, 
calcium phosphate, calcium carbonate and others. The finding of a calcium 
salt stone in such a patient without examination of other stones passed, may 
be misleading. When a patient passes amongst many uric acid stones one or 
more pure calcium salt stones, the diagnosis of uric acid lithiasis nevertheless 
should be maintained. The following case report illustrates this pot. 


Case 12. W.]. This 64-vear old Polish-born male immigrated to Israelin 1933. 
In 1934 he began to suffer from bilateral renal colies and hematuria and over a 
period of years expelled numerous stones. In the first year of his illness many 
of the stones were smooth, others were rough and spiculated. The colour of the 
smooth stones was brownish-yellow, whereas the rough ones were greyish-yellow. 
In 1955 three stones of the rough type were examined in another hospital and 
stated to be composed of calcium oxalate. During the four years prior to his first 
examination in our outpatient clinic, all stones expelled were smooth and brown- 
ish. The patient brought us several bottles containing literally hundreds of small 
stones. Examination of some 30 stones separately, and of a hundred more which 
were pulverized, demonstrated uric acid only. His urine was loaded with uric acid 
crystals but many calcium oxalate crystals were found as well. The morning 
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urinary pH was 5.0. The serum and urinary uric acid were normal. There was 
slight kidney damage. This patient might have been spared much suffering if in 
previous years more stones had been examined and appropriate treatment 
instituted. 


The reverse, that is the finding of only one or a few uric acid stones amongst 
many pure calcium salt stones passed by one patient, has never been ob- 
served by us. Even if this occurs, the patient should be considered to have 
uric acid lithiasis, the calcium salt stones representing either an additional 
stone disease, for instance when calcium oxalate stones are present, or being 
“secondary” stones. 

In many patients with urolithiasis whose stones are not available for 
examination because either no stones were passed or because they were 
discarded, uric acid lithiasis may be suspected on circumstantial evidence. 
The clinical and laboratory features indicative of uric acid lithiasis, presented 
in detail in Chapters 5 and 6, are summarized below. 


Summary of chnical and laboratory features indicative ofuwric 
acid lithiasis 


(The absence of one or more of these features does not negate the diagnosis.) 


History 

1. Repeated voiding of reddish-yellow small stones. Passing of reddish- 
vellow sand or gravel. 

2. Similar symptomatology in relatives. 

3. À history of gout in the patient. 

4. À family history of gout. 

5. A history of negative plain abdominal films during a period when the 
patient had symptoms of urolithiasis. 
A history of a filling defect on intravenous or retrograde pyelography. 


Physical findings 
Gouty arthritis or tophi. 


Laboratory findings 
1. Uric acid crystals in freshly voided urine. 
2. Low pH of freshly voided morning urine, < 5.5. 
3. Hyperuricosuria. 
4. Hyperuricemia. 


X-ray findings 


I. Filling defect on intravenous or retrograde pyelography, stone invisible 
on plain film. 
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2. On plain film, partially calcified stones or calcified stones with trans- 
lucent zones. 
3. Lack of filling of one or more calyces on intravenous pyelography. 


Conditions associated with increased uric acid production and 
excretron 


Examples are: myeloproliferative disorders, Iymphomas, following treat- 
ment with cytotoxic drugs or X-ray. 

The frequency with which the above features were found in our patients is 
elaborated upon in the previous chapters. The importance of these various 
diagnostic features can be summarized as follows: A history of repeated 
voiding of small stones or sand and of a negative plain abdominal film during 
periods of clinical activity was obtained in more than three quarters of our 
patients. Uric acid crystalluria and a urinary pH < 5.5 was found in nearly 
all patients with uric acid lithiasis, provided they had no urinary infection 
due to urea-splitting organisms leading to increase in urinary pH, and 
provided freshly voided morning urine was examined at least three times. 
A typical X-ray picture was found in two thirds of the patients. The other 
criteria, although positive in the minority of the patients only, were, when 
present, of great significance. 

The importance of these clinical and laboratory features in the diagnosis of 
uric acid lithiasis, when no stones are available for examination, may be 
ascertained from the following case reports. 


Case No. 13. A.C., a 38-year old Dutch laboratory technician, mother of one 
child, immigrated to Israel in 1945. There was no family history of urolithiasis or 
joint pains. The patient has had slight diabetes for several years and is obese. 
She has never had joint pains or symptoms of the urinary tract. In November, 
1961, she suddenly experienced severe left-sided colics, followed after several days 
by fever, continuous left-sided flank pain and increasing frequency of the 
colics. 

Examination on admission to our department, four weeks after appearance 
of the colics, showed heavy uric acid crystalluria, hematuria, urinary pH 4.7-5.0, 
normal serum and urinary uric acid. The urea clearance was 45% of normal 
and the concentrating power was slightly reduced. A plain abdominal film was 
noncontributory. Intravenous pyelography showed a nephrogenic effect in the 
left kidney and a normalright kidney. On intravenous pyelography a 1.5 x 0.8-cm 
translucent filling defect was seen in the left renal pelvis (Fig. 32). The diagnosis 
of uric acid stones was made. 

The consulting urologists advised operation because of pyelitis of 4 weeks 
duration, with obstruction by stones the size of which precluded their spontane- 
ous expulsion. Considering that an operation in this diabetic obese patient might 
turn out to be a major procedure with a stormy and complicated postoperative 
course, and since the nephrogenic effect proved that the left kidney still 
functioned, it was decided to give the patient the chance of conservative trcat- 
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Fig. 32. Intravenous urogram. Filling defect due to uric acid stone 
in left renal pelvis (Case No. 13). 


ment. In view of the urgency of the case with infection of an obstructed kidney, 
“heroic” medical treatment was instituted. The patient was given daily 4-5 liters 
of physiologic saline and 1/6 M sodium lactate intravenously, and four spoons of 
Eisenberg solution by mouth. She was urged to drink as much as possible and 
large amounts of various antibiotics were given. The daily urinary output was 
around 4 liters. The urinary pH of every single specimen was measured and found 
to range from 7.4-7.7. On the sixth day of this treatment the fever and the pains 
abated and on the seventh day the patient felt well for the first time im 6 weeks. 
On the tenth day of treatment, intravenous pyelography showed a normally 
excreting left kidney with a normal ureter. No filling defects were demonstrated 
anymore. To the best of her knowledge the patient had not expelled any stones 
during these ten days. Intravenous treatment was stopped, the patient was 
discharged and the normal routine treatment for uric acid stone patients was 
prescribed. She has since felt well and has no urinary tract symptoms. Her urea 
clearance, three months after hospitalization, was found to be 75 % of normal. 


Case No. 14. J.M., a 60 year-old male Bulgarian night watchman, formerly a 


manual labourer. There was no family history of gout or urolithiasis. His urologic 
disease began with left-sided colics seven months before his first admission to our 
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departmentin January, 1960. During these seven months colics had been frequent 
and severe. Three days before hospitalization the pains became continuous and 
spiking fever with chills and profuse vomiting appeared. Examination showed a 
very ill patient with high fever suffering from unbearable left-sided colicky pains. 
His urinary sediment was found loaded with uric acid crystals and white and red 
cells. The urinary pH was 5.2-5.4, the serum and urinary uric acid were normal. 
Plain abdominal films were negative. Intravenous pyelography revealed an 
enlarged nonsecreting left kidney with a nephrogenic effect. No filling defects 
were seen. Left retrograde pyelography showed enlarged renal pelvis and calyces 
and several filling defects in the ureter at the height of L3-L4 (Fig. 33). 

In view of the uric acid crystalluria, the low urinary pH and the typical X-ray 


Hig. 33. Retrograde urogram. Fillng defects due to uric 
acid stones in left ureter (case No. 14). 
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films, uric acid stones were diagnosed. The consulting urologist was in favour of 
operation but agreed to a trial of conservative therapy. The patient was treated 
by antibiotics and alkalinization of his urine and was urged to increase his fluid 
intake to the maximum. After the fever abated the pains stopped and after two 
weeks of hospitalization he was discharged. For a subsequent ambulatory follow- 
up of eight months the patient felt well. At that time a repeated intravenous 
pyelography was completely normal. The patient was not aware of having ex- 
pelled stones during this period. He continues the above treatment and has had 
no urinary symptoms for a follow-up period of one and a half years. 


Case No. 15. W.Z., a 60-year old Lithuanian woman, residing in Israel for 
39 years, mother of two healthy children. Her father often had passed urinary 
gravel. Twenty one years ago she had suffered for one year from severe right-sided 
colics. For the next seven years she was symptom-free but then the colics re- 
curred, this time bilaterally. In 1949 a small, partially-calcified stone was found 
on X-ray in the left kidney. In 1957, the stone in the left kidney which showed 
marked hydronephrosis, was found to have grown to a size of 21 x 2 cm, and its 
outer part to be composed of concentric alternating translucent and radio-opaque 
layers. A large filling defect was found in the right kidney which was slightly 
hydronephrotic and showed delayed and poor excretion of contrast material. 
In 1958 left pyelotomy was performed. One year later new, partially calcified 
stones were found in the left kidney, whereas the large filling defect in the right 
renal pelvis had not changed. There was bilateral hydronephrosis with poor 
function of the right kidney. The urologist was of the opinion that the left kidney 
should be re-explored but first sent the patient for investigation. 

Laboratory examination revealed occasional uric acid crystalluria, urinary 
infection, a urinary pH of 5.4-6.5, normal serum and urinary uric acid and 
relatively poor renal function, urea clearance 58% with lack of concentrating 
power (hydronephrotic nephropathy). 

In view of the family history, the typical X-ray findings and the uric acid 
crystalluria, the diagnosis of uric acid lithiasis was made and we advised con- 
servative treatment by large fluid intake, alkalinization of the urine and anti- 
biotics. After one year's treatment the large filling defect in the right renal pelvis 
had become much smaller and the partially calcified stones in the left kidney had 
disappeared. Both renal pelvises had perfectly normal contours and contrast 
material concentration and excretion were normal. The kidney function had 
improved. 

When the patient was informed of the remarkable progress, she promptly 
stopped treatment and did not return to the outpatient clinic. After one year she 
again sought our advice because of renewed right-sided colies, macroscopic 
hematuria and fever. X-ray films showed the formerly translucent stone on the 
right to have become partially calcified. No stones were demonstrated on the left 
side but excretion of contrast material was delayed and both pelvis and ureter 
were poorly visualized. 


Comments on cases 13-15. According to the classical, generally accepted 
indications of obstructing stones, which in view of their size cannot be 
expected to be expelled spontaneously, these three patients were candidates 
for surgical intervention. As circumstantial evidence pointed to uric acid 
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composition of the stones, surgery was deferred and conservative therapy 
instituted. Dissolution of the stones was achieved. The value of the circum- 
stantial evidence favouring the diagnosis of uric acid stones in determining 
the form of treatment and obviating in some cases the necessity for urologic 
surgery, is convincingly demonstrated by these patients. 

On the basis of the criteria outlined on page 135 we have made the pre- 
sumptive diagnosis of uric acid lithiasis in about one hundred kidney stone 
patients from whom no stone was available for examination and administered 
treatment accordingly. In 29 of these patients the presumptive diagnosis was 
confirmed by examination of surgically removed or subsequently voided 
stones, often a long time after treatment had been instituted. Quite a number 
of additional patients brought us previously voided stones which had either 
been kept as a curio and with which they had not wanted to part, or which 
had been found in some forgotten box at the time of thorough house cleaning. 
A case in point is the following. 


Case No. 16. T.M., a Polish-born, 61-year old office worker, who immigrated 
to Israel 30 years ago, was admitted to the medical department on 28.11.1958. 
The patient stated that his mother had suffered from “uric acid” (gout? uro- 
lithiasis?). His sister suffers from renal stones of undetermined composition. 

The patient had pneumonia in 1922, a “cardiac disease” in 1948 (apparently 
not a myocardial infarction but medical details are lacking), and since 1953 
he has suffered from bronchial asthma. His kidney disease manifested itself for 
the first time in 1957, at the age of 57, when the patient noted hematuria. After 
two weeks he began to suffer from right-sided colics and after cystoscopy much 
sand was voided. X-rays showed two stones in the right kidney and a congenital 
anomaly of this kidney was suspected. After an interval of a few months colics 
recurred but X-ray pictures did not disclose the presence of stones. Since then 
and until his hospitalization in the Medical Department D of the Beilinson 
Hospital, right sided colics and macroscopic hematuria have been frequent. 
There have been no clinical signs of pyelitis. 

On physical examination, his heart was found to be enlarged to the left. His 
blood pressure was 160/95 mm mercury. There was marked tenderness in both 
flanks. The daily urinary output was 600-1000 ml, maximal concentration rorI4, 
pH 4.9-5.5. In the urinary sediment many red cells, a few leukocytes, many uric 
acid crystals and a few calcium oxalate crystals were found. A culture of the 
urine was sterile. The daily urinary calcium excretion was 46-139 mg, phos- 
phorus 412-1007 mg, uric acid on a regular diet 413-1007 mg. The urea clearance 
was 70%, of normal. The serum calcium was 8.8-10.6 mg%,, phosphorus 3.8-5.0 
mg%, uric acid 4.3-5.1 mg%. Plan abdominal and contrast films showed a 
2x2 em radiolucent stone with a small calcified rim in the right renal pelvis. 
In addition, narrowing of the right uretero-pelvic junction was found, possibly 
due to a congenital anomaly. There was no hydronephrosis. 

In accordance with the family history, the typical X-ray pictures and the 
presence of uric acid crystalluria, the diagnosis of mixed uric acid stones was 
made. During his stay in the hospital there were no further colics and the patient 
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felt well. He refused further treatment and did not come to the outpatient clinic 
on the appointed date. 

In February, 1959, severe and continuous right-sided colics recurred and the 
patient was hospitalized in the Urological Department. X-ray examination 
demonstrated a complete right-sided block at the uretero-pelvic junction due to 
the stone described above, and marked hydronephrosis. Right pyelotomy was 
performed on 11.2.1959, and the stone was removed. Examination of the stone 
showed it to have a thin outer rim of calcium oxalate, the whole inner part being 
composed of pure uric acid. 

Since then the patient adhered to the regimen of high fluid intake and alkalin- 
ization. An intravenous pyelogram in July 1960 showed no abnormality, except 
for the narrowing of the right uretero-pelvic junction. He had no further colics 
and feels well. 


The overall results of treatment of those patients in whom uric acid lithiasis 
was surmised on the basis of circumstantial evidence, but in whom no confir- 
mation of the diagnosis could be obtained by stone examination, seem to 
justify the assumption that they were suffering from uric acid lithiasis. Two 
patients in whom a presumptive diagnosis of uric acid stones had been made, 
expelled later a calcium oxalate stone. In view of the strong evidence for uric 
acid urolithiasis and of the fact that uric acid stone patients may void 
calcium stones occasionally, treatment for uric acid stones was continued in 
these two patients. 


Differentral diagnosis 


Whenever a presumptive diagnosis of uric acid stones is made in a patient 
with renal colics or other signs of urolithiasis, several other conditions have 
to be excluded, Indeed, the diagnosis of uric acid lithiasis when based on the 
circumstantial evidence outlined in this chapter only, may be erroneous. 


Cystine lithvasis 

Cystine stones are caused by an abnormally increased urinary excretion of 
cystine. In this disease, the basic mechanism at fault is an impairment in the 
reabsorption of the amino acids cystine, lysine, arginine and ornithine by the 
renal tubules [134, 136, 592]. Since cystine is highly insoluble, patients with a 
markedly increased cystine excretion, above 500 mg daily, are prone to form 
cystine stones [242]. Heterozygotes excrete moderately increased amounts of 
cystine and Iysine only, whereas homozygotes excrete markedly increased 
quantities of these two amino acids and in addition of arginine and ornithine 
[240]. A similar defect in amino acid transport was found to exist in the 
intestines of cystinuric patients [379]. Cystinuria and cystine lithiasis are 
familial diseases (see Chapter 5). 

Cystine stones have a light-yellow to yellow-brown colour and a smooth or 


I41 


DIAGNOSIS 


finely granular surface. With a magnifying glass and sometimes with the 
naked eye, especially in case of large stones, one may observe the surface to 
be studded with reflecting crystals. Pure cystine stones generally have such a 
characteristic appearance that their composition may often be determined 
by inspection only, though detailed confirmatory examination is of course 
mandatory. Very small cystine stones are mostly nonopaque to X-rays but 
they may be seen as filling defects on contrast urography (Fig. 34). Larger 
cystine stones are clearly visible on plain abdominal films, though their 
density is less than that of calcium stones of comparable size [298, 372, 486. 


ES 


Fig. 34. Retrograde urogram.Filling defect in lower calyx of 
right kidney due to cystine stone. 


In the differential diagnosis of cystine lithiasis and uric acid lithiasis it must 


be kept in mind that large stones, both pure uric acid and pure cystine, are 
visible on a plain film. The cystine stones, however, are more opaque than 
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the uric acid stones. Obviously they are even more opaque when mixed with 
calcium salts. 

Whereas the first manifestations of cystine stones often start early in 
childhood [241, 298, 349], mostly at a younger age than for uric acid stones 
(see Table 15), this is of statistical significance only. Indeed, uric acid stones 
may start even in the first year of life, and cystine lithiasis may become first 
evident at middle age. 

A family history of nephrolithiasis is more frequent in cystine lithiasis 
than in uric acid lithiasis, but again this is of statistical significance only. 
When, however, a clear-cut family history of cystine lithiasis or cystinuria is 
obtained, this data should weigh heavily in favour of cystine stones. On the 
other hand there exists the possibility that a patient belonging to a proven 
cystine lithiasic family, has uric acid lithiasis (see case No. 17). Untilnow we 
have not observed the occurrence of cystine stones and uric acid stones in the 
same patient, although there are no obvious reasons why this combination 
should not occur. 

The diagnosis of cystine lithiasis is strengthened by the finding of cystinu- 
ria proven by chromatography and/or quantitative determination of cystine 
excretion and the finding of typical hexagonal cystine crystals in the urine. 
It should be pointed out, however, that only 1-3% of cystinuric subjects 
have cystine lithiasis [298, 536, 572], and that uric acid stones may be en- 
countered in cystinuric patients, as illustrated by the following case. 

Case No. 17. B.S., a 21-year old female, mother of a one year-old child, born in 
Tripoli, immigrated to Israel 13 years prior to her first visit to the metabolic 
outpatient clinic in October, 1959. 

Her mother has suffered from cystine lithiasis for many years and is being 
treated in our clinic. The mother's urinary cystine excretion is very high, up to 
2200 mg daily. Two maternal uncles suffer from renal stones of unknown compo- 
sition and one of them had undergone nephrectomy. There are many congenital 
anomalies in this family. The patient's brother has a double ureter. Spina bifida 
was found in both her two sisters. The mother knows of unidentified anomalies of 
the gastrointestinal tract in her family. 

The patient's present illness started at the age of 18 when she had a prolonged 
and severe right-sided colic. Since then she has suffered from repeated colics and 
often a dull, continuous pain in her right flank, accompanied by low-grade fever 
and sometimes dysuria. She never noticed hematuria. In October, 1959, she 
voided two stones, one of which was brought to our laboratory and found to be 
composed of pure uric acid. According to the patient the other stone, which she 
had thrown away, looked exactly like the one examined. 

Laboratory findings: Serum uric acid 5.7 mg% (slightly above the upper limit 
of normal in our laboratory). Urinary uric acid excretion 580-1430 mg daily. 
Cystine excretion 176-806 mg daily. Chromatography of the urine showed in- 
creased quantities of cystine and lysine. Urinary pH 5.0, the sediment contained 
oxalate crystals only. Kidney function was normal. X-ray pictures of the kidneys, 
both plain films and intravenous pyelography, showed no abnormality. 
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Comment: This patient demonstrates the dangers inherent in “jumping to 
conclusions” and the almost unavoidable occasional pitfalls in the diagnosis 
of seemingly obvious cases. Ifa stone had not been obtained for examination, 
there is practically no doubt that in the absence of uric acid crystals a 
diagnosis of cystine lithiasis would have been made in this patient. 

A striking observation was made in a patient with cystine lithiasis, be- 
longing through his mother to a cystinuric family and whose father was 
afflicted with gout. 


Case No. 18. B.R. This 38-year old Iraquian-born manual worker immigrated 
to Israel 11 years before he was first seen by us on 3.8.1958. He is married, father 
of three children. His family history abounds in urolithiasis (Fig. 35). Two sisters 
suffer from cystine lithiasis. The patient has cystinuria (see Laboratory findings). 
His father had married twice, the patient and one sister being the children of the 
second wife, who was examined by us and found to have cystinuria. There is no 
history of gout in the family of the patient's father. The other sister with cystine 
lithiasis is the daughter of the father's first wife, who was a cousin of his second 
wife. As to the presence of urolithiasis in the father, no information is available. 
One 5-year old daughter of the patient has proven uric acid stones, a son presents 
indirect evidence that his stones are composed of uric acid. Whether the father 
or the first wife had cystinuria is not known. No relevant facts were obtained 
from the patients past history. 
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Fig. 35. Pedigree of family in which uric acid lithiasis and 
cystine lithiasis occur. Black: stones of proven composition, 
U, uric acid; C, cystine. Black dot in white space, indirect 
evidence for stone composition; G, gout. Numbers indicate 
age of patients. 


The present illness commenced in 1953. For one month he had repeated, 
severe, right-sided colics accompanied by dysuria. There had been complete 
anuria for two days. X-ray pictures had been negative. There had been no fever 
and no stones were expelled. 

Left-sided colics without fever or hematuria appeared two weeks prior to his 
first hospitalization in our department in 1958. Physical examination disclosed 
tenderness in both flanks, anisocoria, diffuse non-toxic goiter, a normal blood 
pressure and temperature. 
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Laboratory examinations: the daily urinary excretion was 800-1400 ml, 
maximal specific gravity 1012, pH 4.9-5.8, the acetosalicylic acid test for protein 
was slightly positive. The sediment contained 5-10 white cells per high power 
field, a few erythrocytes and both uric acid and cystine crystals (Fig. 36). Daily 
urinary excretion of calcium 126-194 mg, phosphorus 250-460 mg, uric acid 
267-791 mg, cystine 500-1100 mg, all while on a regular diet. Two-dimensional 
chromatography of the urine showed increased excretion of cystine, lysine, 
arginine and ornithin. The urea clearance was 45% of normal. Serum calcium 
was 10.6-10.8 mg%, phosphorus 4.2-4.9 mg%, uric acid 4.3-6.4 mg%. Urea, 
CO,-binding capacity and serum electrolytes were normal. Slit lamp examination 
of the eyes did not reveal cystine crystals. Serology for lues was negative. A plain 
abdominal film showed a shadow im the right lower abdomen and on intravenous 
pyelography a partial block was found im the right ureter; there was slight 
hydronephrosis. 


Fig. 36. Uric acid crystal lying upon a cystine crystal in 
urinary sediment of cystine stone; patient belonging to a 
family in which uric acid lithiasis, gout and cystine lithiasis 
was present. 


After a few days of continuous right sided colics a stone was voided and found 
to be composed of cystine. It was assumed that the initial left-sided colics were 
caused by a stone which had been expelled unnoticed just before hospitali- 
zation. After discharge the patient was free from urinary tract symptoms. He 
refused to adhere to the prescribed treatment by alkalinization and large fluid 
intake. 

In August, 1959, right sided colics reappeared and X-ray pictures showed a 
complete stop in the right ureter with a nonfunctioning right kidney, due to a 
fairly opaque stone. On August 6th, 1959, right pyelotomy was performed and a 
2X 2-cm stone, which was again proven to be a cystine stone, was removed. 
During the following years the patient continued to void small stones at intervals 
of approximately half a year. Although he is more cooperative than formerly, he 
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follows therapeutic instructions only erratically. His urinary output has in- 
creased to 1500-2200 ml daily. When his urinary pH is low, cystine crystals, 
sometimes mixed with uric acid crystals, are found in the urinary sediment. 
His kidney function has not improved, the urea clearance still being about 45 % 
on repeated examination, the last one on 9.7.1961. The serum uric acid at this 
time was 5.8 mg'%. In spite of repeated requests, the patient did not bring us the 
stones voided over the last two years. 


Xanthine hthasis 

Xanthine stones are reddish-brown and compact [349] or friable [276]. 
Small xanthine stones are translucent to X-rays [135, 572], but larger stones 
are fairly opaque [414], though less than cystine stones [66]. Since xanthine 
stones are relatively translucent to X-rays, xanthine lithiasis must be con- 
sidered in the differential diagnosis of uric acid stones. The disease is ex- 
tremely rare, only 23 cases having been reported until 1950 [414]. An 
additional 5 cases were reported by Ichikawa [276] from Japan in 1954, and 
another one by Dent [135] from England in 1954. When a stone is available 
for examination, the diagnosis by chromatography of scrapings of the stone 
[135] or by chemical means [414], is relatively simple. Xanthine crystals in 
the urine have a typical “whetstone” appearance [572]. 

In the only case of xanthine lithiasis in which urinary xanthine and hypo- 
xanthine excretions were examined, they were found markedly elevated. 
Serum xanthine and hypoxanthine were also elevated in this patient [145). 
Xanthine and hypoxanthine can be determined by chemical and chromato- 
graphic methods [44, 145, 567]. An additional though not constant finding im 
xanthine lithiasis has been low serum and urinary acid uric values [135, 145]. 

The high levels of serum and urinary xanthine and hypoxanthine, and the 
low serum and urinary uric acid in the patient referred to above, was found 
by Dickinson and Smellhe [145] to be due to both a lack of xanthine oxidase, 
precluding formation of uric acid from xanthine, and to a very low renal 
threshhold for xanthine and hypoxanthine. 

Itis worth mentioning that a familial occurrence of xanthine lithiasis and 
xanthinuria has not been described. 


Calcium salt lithiasis 

In general, the differential diagnosis between uric acid lithiasis and calcium 
lithiasis is not difficult. Examination of stones is conclusive. It should be 
stressed once more, however, that the uric acid component of mixed stones 
may be overlooked when not searched for thoroughly. The appearance of a 
mixed uric acid stone, the outer layer of which is composed of calcium salts, 
may be identical to that of a calcium stone. 

The problem of differential diagnosis arises when no stone is available for 
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examination. Whenever a stone is nonopaque and visible as a filling defeci on 
contrast urography, a calcium stone can be excluded. 

The X-ray appearance of a mixed uric acid stone can closely mimic that of 
a calcium stone. In most cases of mixed stones, however, careful examination 
of the roentgenograms may point to the right diagnosis. On plain film a 
mixed stone has mostly a nonhomogenous appearance and is often less dense 
than would be expected from its size. Often alternating layers of opaque and 
nonopaque material may be seen. In some mixed stones, translucent areas, 
appearing as “holes” are observed. The transition between these “holes” and 
the surrounding dense areas is often gradual. Illustrations of such mixed 
stones were shown in Chapter 7. Generally, the intravenous pyelogram 
does not add much to the differential diagnosis except in rare cases, where the 
uric acid forms the outer layer of the mixed stone and when there are ex- 
centric or large nuclei composed of uric acid (Chapter 7). When no stone is 
visible on plain and contrast X-ray examination, the diagnosis must be based 
upon other criteria. It is a good rule to diagnose uric acid stones when the 
indirect evidence given on page 135 is present. 

In general, the presence of calcium salt crystals cannot be regarded as 
indicative of calcium lithiasis. According to some investigators there are 
quantitative changes in calcium oxalate crystalluria in patients with calcium 
oxalate stones when compared with normal subjects [295, 399, 474, 475]. 
Metabolic investigations may produce further evidence of the presence of 
calcium salt stones. Only in the minority of cases of calcium lithiasis can the 
underlying etiology or/and metabolic disturbance be established, such as in 
hyperparathyroidism, primary hyperoxaluria, prolonged recumbency, milk- 
alkali syndrome, idiopathic hypercalciuria, hypercalciuria due to sarcoidosis, 
multiple myeloma, primary or secondary malignant diseases of the skeleton, 
etc. In several of these diseases nephrocalcinosis may be observed. In the 
majority of cases, however, calcium stones appear without a known cause. 
The various hypotheses forwarded concerning the etiology of such “idio- 
pathic” calcium stones (see Chapter 9) have at present no practical appli- 
cation to the differential diagnosis of kidney stones. 

A difficult differential diagnosis of uric acid versus calcium salt lithiasis 
may rarely be encountered, when uric acid stones are present in a patient 
who has a metabolic disease conducive to calcium salt stone formation. 
Mintz et al. [381], Howard [273] and Veenema et al. [543] reported three 
patients who had hyperparathyroidism and uric acid stones, and Burke et al. 
[93] described a patient who had primary hyperoxaluria and uric acid 
lithiasis. Whereas, according to Howard [273], the hyperparathyroidism and 
the uric acid lithiasis were probably coincidental, independent diseases, 
Mintz et al. [381] on the other hand did not exclude a causal relationship. 
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It is noteworthy that Hosking and Glennar [272], Plough and Kyle [420] and 
Mintz et al. [381] described patients with hyperparathyroidism and gout. 
We have in our patient material two cases of proven hyperparathyroidism 
associated with uric acid lithiasis. A third patient with proven hyperpara- 
thyroidism had a kidney stone which on plain abdominal film had an in- 
homogenous appearance, consistent with a mixed uric acid stone, while no 
other indirect evidence for uric acid lithiasis could be found in this patient. 
Hereunder two cases are presented with proven hyperparathyroidism and 
uric acid stones. 


Case No. 19. G.D., a 46-year old German-born agricultural worker who 
immigrated to Palestine in 1935, father of a healthy son, was admitted to the 
Medical Department in November, 1959 for investigation of kidney stone disease. 
Family history and past history were noncontributory. In 1937 he began to suffer 
from right renal colics. À few months later a bladder stone, visible on plain 
abdominal film, was removed by lithotripsy. He had been healthy since then 
until 1956, when during one and a half years he had frequently recurring left 
renal colics accompanied by hematuria, dysuria and sometimes fever. In August, 
1958 left ureterotomy was performed and a large stone was removed from the 
lower part of the ureter, but not examined. At that time X-ray examination of 
the urinary tract did not show the presence of stones. In June, 1959, left renal 
colics recurred, accompanied by chills and dysuria. X-ray examination in 1959 
was reported to reveal two small opaque stones in the left kidney and dilatation 
of the left ureter along its entire course, possibly due to a stone. 

On admission, the patient complained of dull pain in the left lumbar region, 
pain in both knee joints without swelling or redness, severe heartburn which had 
been bothering him for about 4 years, voiding of large amounts of urine and 
attacks of nervousness and weakness. Physical examination was normal except for 
a surgical scar on the left abdomen. Both knees were painfulon passive and active 
movement, but otherwise normal. The blood pressure was 135/85 mm of mercury. 

His 24-h urine volume ranged from 1600-2350 ml, the urinary pH from 5.3-5.5. 
The maximum concentration was 1018. There were traces ofalbumin, a few red and 
white blood cells and oxalatecrystalsin the sediment. Urine culture grew coagulase- 
positive Staphylococcus aureus. Hemoglobin was 13.8 g%. Blood urea was 33 mg%, 
urea clearance 65% of normal, serum calcium 11.2-12 mg%, the 24-h urinary 
calcium excretion on a low calcium diet 354-587 mg, serum phosphorus 2.7-3.1 
mg%, the 24-h urinary phosphorus excretion 630-1232 mg, serum uric acid 4.5-5 
mg%, 24-hurinary uric acid excretion on a regular diet 480-720 mg, serum alkaline 
phosphatase 3.2 Bodansky units. The intravenous calcium infusion test was 
consistent with hyperparathyroidism. Examination of the stone (0.9 x 1.7 em) 
kept by the patient since the operation in 1958 showed a large reddish-yellow 
nucleus composed of uric acid and a shell of calcium oxalate and phosphate. 

A plain abdominal film revealed two small inhomogenous shadows in the left 
kidney and an additional one im the lower part of the left ureter. Intravenous 
urography showed on the right side normal excretion of contrast material and 
three filling defects in two calyces. All calyces, the renal pelvis and the ureter up 
to the pelvic brim, were dilated. X-ray studies revealed a possible slight osteo- 
porosis of the vertebrae and of the phalanges of both hands. 
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The diagnosis of hyperparathyroidism was made and the problem raised by the 
finding of a mixed uric acid stone in the absence of gout was left open. On 
surgical exploration of the neck on March 8, 1960, a brownish encapsulated mass 
(4 x 10X I5 mm) was removed which, on histological examination, proved to be 
a parathyroid chief cell adenoma. The postoperative course was uneventful, the 
heartburn disappeared after a few days and the knee pains after one month. The 
serum calcium and phosphorus levels and the urinary calcium excretion returned 
to normal one week after surgery. 

In May, 1960, the patient had recurrent left renal colics and voided a small 
reddish stone consisting of uric acid only. His serum uric acid at that time was 
normal, 5 mg%. X-ray examination showed three inhomogenous stones with 
translucent centers in the left kidney and a similar stone in the distal part of the 
left ureter, hydronephrosis and hydroureter. Treatment by large fluid intake and 
alkalinization therapy was instituted. Because of recurrent colics and fever and 
dilatation of the left ureter on intravenous urography, left ureterotomy was 
performed on June 1, 1961, and a small stone removed which proved to be a 
mixed uric acid stone, containing relatively small amounts of calcium oxalate 
and phosphate. Reinvestigation showed normal serum and urinary calcium, 
phosphorus and uric acid values. 


Comment: This is a patient who had hyperparathyroidism and uric acid 
lithiasis, the latter disorder continuing following successful parathyroidec- 
tomy. Uric acid stone disease could have been diagnosed at the time when 
hyperparathyroidism was established in view of the composition of a pre- 
viously surgically removed stone and of the circumstantial evidence furnished 
by the X-ray picture of partially dense, partially translucent stones. The 
uric acid lithiasis in this patient who has no evidence of gout, is of the 
“idiopathic” type. 


Case No. 20. G.A., a 22-year old unmarried male teacher, who immigrated to 
Israel in 1951 from Morocco, was admitted to the Medical Department im 
January, 1960, for investigation of his kidney stone disease. His family history 
and past history were noncontributory, except for abdominal discomfort of an 
undefined type for many years and marked nervousness. In 1957 he had frequent 
left renal colics with dysuria and hematuria. X-ray at that time had revealed a 
few opaque stones in the left kidney and one in the left ureter with left hydro- 
nephrosis and one stone in the right kidney. Left ureterotomy was performed and 
a stone removed. In 1959 he had recurrent bilateral renal colics, periods of fever 
and transient anuria, alleviated by catheterization of the urethra following which 
he voided white gravel. 

On admission to our department physical examination was normal, except for 
a surgical scar on the abdomen. His 24-h urine output ranged from 2000-3300 ml, 
there were traces of albumin and numerous red and white blood cells, but no 
crystals. The maximum concentration was 1010. The urinary pH was 5.7, a 
culture grew Bacillus proteus and Pyocyaneus. Hemoglobin was 11.5 8%, blood 
urea 24 mg'%,, urea clearance 60%, serum calcium 10.4-11.4 mg%, phosphorus 
2.7-3.1 mg%,, uric acid 4.5 mg%, serum alkaline phosphatase 5 Bodansky units, 
24-h excretion in the urine of calcium on a low calcium diet 247-584 mg, phos- 
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phorus 400-509 mg, uric acid 660-759 mg. The intravenous calcium infusion test 
and the phosphor-creatinine ratio were abnormal and consistent with hyper- 
parathyroidism. Examination of the stone (1 x 2 cm) kept by the patient since 
1957 showed a white surface, but after it had been cut, a large reddish-yellow 
nucleus composed of uric acid was found. The white shell was composed of 
calcium oxalate, phosphate and carbonate. 

X-ray studies revealed on plain abdominal film two large opaque stones in the 
right kidney and in the left several partial translucent smaller stones (Fig. 37). 


Fig. 37. Plain film. Partial translucent stones in the left kidney 
of a patient (Case No. 20) with proven hyperparathyroidism 
and mixed uric acid stones. 


Intravenous urography showed good excretion of contrast material on both sides, 
and dilatation of the upper and middle calyces of the left kidney. The bones did 
not show roentgenological changes, the lamina dura of the teeth was normal. 

The diagnosis of hyperparathyroidism and uric acid lithiasis was made. On 
August 3rd, 1960, an enlarged right parathyroid was removed, shown to be a 
chief cell adenoma on histological examination. The postoperative course was 
uneventful, the calcium and phosphorus values returned to normal. In January, 
1961, the patient complained of recurrent left renal colics but he had not voided 
any stones. 
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Comment: This patient had hyperparathyroidism and “idiopathic” uric acid 
hthiasis. The diagnosis of uric acid lithiasis was established by examination 
of a stone removed at operation. The X-ray picture was consistent with 
mixed uric acid stones. 


Some other conditions 

There are several conditions which may clinically or roentgenologically 
simulate uric acid lithiasis, such as benign or malignant tumours of the 
kidney or ureter, massive hematuria with blood clot in the urinary tract, 
inspissated pus, massive oxalic acid crystalluria, papillary necrosis of the 
kidney, renal cyst, fibrin stone, retroperitoneal fibrosis and tuberculosis of 
the kidney, air bubble, cystic degeneration of the mucous membrane 
[24, 58, 76, 285, 385, 403, 406, 443, 542). The differential diagnosis of such 
conditions may be very difficult and should be made, if possible, according to 
established criteria mentioned in the literature. A patient who was sent to 
surgery with anuria and the diagnosis of tumour of the kidney is presented 
on page 153 (Case No. 22). 


Sudden oliguria and anuria 

A special diagnostic problem is posed in patients who are being admitted 
with severe oliguria or anuria when a plain abdominal film is nonrevealing. 
Uric acid lithiasis should always be considered amongst various other diag- 
noses such as acute renal shutdown after shock, acute glomerulonephritis, 
retroperitoneal tumours occluding both ureters, retroperitoneal fibrosis, 
obstruction of the ureters due to crystals of sulfa drugs. Both ureters may 
become obstructed by stones descending from the kidneys at approximately 
the same time. In patients with leukemia or lymphoma treated with cyto- 
toxic drugs or X-ray, a sudden increase in breakdown of nucleoproteins may 
occur, leading to blockade of both ureters by uric acid crystals or more rarely 
by stones. Overproduction of uric acid with ensuing tubular blockade may 
occur in such patients even without treatment [34, 154, 158, 160, 179, 217, 
313, 314, 332, 352, 364, 373, 374, 448, 449, 555]. In other cases of sudden 
anuria, one kidney may have been previously damaged so as to be practically 
nonfunctioning and the other kidney becoming suddenly blocked [447]. On 
the other hand, one kidney may be hypoplastic and nonfunctioning, or even 
be absent due to a congenital anomaly. In all these cases a previous history 
compatible with urolithiasis may be lacking or the patient may be in such a 
precarious condition that no reliable history can be obtained. 

Since reestablishment of urinary flow by ureteral catheterization or oper- 
ative removal of the obstructing stone may constitute a life-saving pro- 
cedure, no effort should be spared to arrive at the correct diagnosis 
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and retrograde pyelography is therefore often mandatory in such patients. 
Two cases presented below may serve to illustrate some of the diagnostic 
problems posed by sudden anuria. 


Case No. 21. G.O., a 20-year old unmarried Israeli-born agricultural worker 
was admitted on September 2nd, 1956 with anuria. The family history was 
negative for kidney stones and gout. At the age of 14 he discharged a few reddish 
concrements and suffered from burning urine. One year prior to admission he 
began to suffer from bilateral renal colics. Urine examination at that time 
revealed numerous red cells, white cells and casts. A plain abdominal film and 
intravenous urography were normal. Four months later he had an attack of 
severe pain accompanied by swelling and redness of the right metatarsal- 
phalangeal joint, lasting one day. One week before admission he again had severe 
colics, first on the left and then on the right, accompanied by hematuria and 
voiding of sand. Two days before admission he became anuric following some 
colics. 

Physical examination showed a well developed, slightly apathetic young man 
without tophi or joint deformations. His temperature was 37.4º and his blood 
pressure 140/80 mm of Hg. During the first days he produced about 60 ml of 
urine daily, containing 4% albumin, numerous red cells and uric acid crystals; 
the specific gravity was 1005. Blood urea on admission was 80 mg%. On the 
third day, he became completely anuric. On the.4th day when his blood urea was 
200 mg, catheters were passed into both kidney pelvises. During the next 24-h 
the right kidney produced 1300 ml urine with a specific gravity of 1004; from 
the left kidney only a few milliliters of bloody fluid was obtained. During the 
following days he passed urine only through the right catheter, up to 2800 ml per 
day, with a specific gravity of 1004, a pH of 6.0-6.3 and containing protein and 
many red cells and uric acid crystals. The urea clearance was 5% of normal. 
The serum uric acid was 8.25-10.7 mg%. 

A plain film showed both kidneys to be large without opaque shadows. Retro- 
grade urography showed moderate enlargement of pelvis, calyces and ureter on 
the right. On the left only a small amount of contrast substance could be intro- 
duced under pressure, showing an enlarged renal pelvis with three filling defects 
in the ureter at L3-Lg4. On 11.9.56 he was drowsy, vomited and his blood urea 
was found to be 386 mg%. He was operated on the left ureter, an olive-sized 
stone and many smaller stones were removed and a lot of sand rinsed out. The 
stones were composed of uric acid. 

Following the operation the patient improved rapidly. Alkalinizing therapy 
was instituted on 27.9.50 and he left the department on 30.9.1956 with a blood 
urea of 24 mg%, a serum uric acid of 6 mg% and a urinary pH of 6.7. A low 
purine diet and probenecid, 2 g per day, were started on 15.10.1956. Intravenous 
urography on 7.11.1956 showed adequate excretion on both sides with good 
visualization of both pelvises and ureters without hydromechanic disturbance. 
His blood urea was 24 mg%,, serum uric acid 3.7 mg% and the urea clearance 
88% of normal. 

Over the first three years of follow-up and on continuous treatment with 
alkalinization, probenecid and a low purine diet, the patient had no colics, did 
not pass stones or sand and had no attacks of arthritis. His urinary output and 
pH were maintained at above 2000 ml and at 6.7-7.0, respectively, and no uric 
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acid crystals were found. His blood urea and urea clearance were normal. The 
patient returned to heavy agricultural work, married and has a son. During the 
last three years, however, he voided one or two stones each year in spite of the 
prescribed treatment. 


Case No. 22. L.E., a 55-year old Polish-born housewife who immigrated to 
Israel in 1948, was admitted to the Medical Department in 1954 because of 
dysuria and fever. Her son had voided a calcium oxalate stone. The patient had 
suffered from high blood pressure from 1946. In 1949, a hypoplastic, non- 
functioning, right kidney was diagnosed in another hospital. On admission im 
1954 pyelonephritis was diagnosed and antibiotic treatment was instituted. In 
1955 she had a left renal colic, followed by anuria which persisted for four days. 
On admission a blood urea of 150 mg% was found, a plain abdominal film was 
nonrevealing, and on retrograde urography a large filling defect in the left renal 
pelvis was found, and interpreted as a tumour by the X-ray department. 
Surgical exploration of the left kidney revealed a large stone in the renal pelvis, 
which was found to be composed of uric acid with a trace of calcium oxalate. 
After operation, urine flow was reestablished. The urine had a low pH, 4.9, and 
contained uric acid crystals and oxalate crystals. Large fluid intake and alkalini- 
zation were prescribed and for a follow-up period of 6 years the patient was well. 
Re-examination in 1961 showed chronic urinary infection, a urinary pH of 6.8 
and no uric acid crystals, a normal blood urea, a urea clearance of 44%, serum 
uric acid 3.8 mg % and urinary uric acid excretion up to 1157 mg per 24 h while 
on a regular diet. 


Summary 


A definite diagnosis of uric acid lithiasis can be established only on the basis 
of stone examination. When no stone is available, circumstantial evidence 
may lead to a correct diagnosis ofuric acid lithiasis in the majority of patients. 
The differential diagnosis of uric acid lithiasis is generally fairly easy but 
diagnostic pitfalls are sometimes unavoidable. The differential diagnosis of 
kidney conditions in which there is a filling defect on contrast urography 
with a negative plain abdominal film, may be especially difficult. In the 
differential diagnosis of sudden anuria, uric acid stones should always be 
considered. 


153 


Etiology and Pathogenesis 
of Uric Acid Stones 


CEE BIRE RSS 


The etiology of urolithiasis constitutes a complex problem as substantiated 
by the many hypotheses brought forward in the literature since ancient 
times. Extensive reviews of the etiology of urolithiasis have been published 
by various authors, such as Lassen [324], Butt [97], Prien [432], McGeown 
and Bull [368] and recently Boshamer [64, 65, 66]. 

Patients in whom urolithiasis is associated with specific disorders, such as 
hyperparathyroidism, cystinuria, gout and hyperoxaluria, constitute the 
minority only among all cases of urinary tract stones. As in the majority of 
patients with urolithiasis, however, no underlying disease is found, their 
stones are termed “idiopathic”. 

Most of the investigations on the etiology and pathogenesis of “idiopathic” 
stone disease have been carried out in calcium stone patients. Many theories 
have been advanced, such as changes in the renal ground substance [6, 25, 
26, 27], small subendothelial or interstitial calcifications which slowly ex- 
trude into the lumen of the renal tubules or into the pelvis [440, 441, 442, 
544), disturbances of renal hemodynamics [65], infection [252], infection 
resulting in obstruction of the Iymph vessels [105], diminished urinary 
citrate excretion [244, 481] or urinary amino acid excretion [366], lack of 
protective urinary colloids [97], presence in the urine of abnormal calcium- 
binding [12, 70] and matrix-forming mucoproteins [69, 73, 152], coprecipi- 
tation of mucoproteins with crystals [177], malnutrition [324, 363, 525] and 
vitamin À deficiency [265]. None of these theories, however, have gained 
general acceptance. 

When considering the etiology of uric acid lithiasis, a division, similar to 
that for urolithiasis in general, may be made, 7.º. uric acid lithiasis associated 
with specific disorders such as gout, myeloproliferative disorders, and lym- 
phoma, and “idiopathic” uric acid lithiasis in which no underlving disease is 
detected. In the case of uric acid lithiasis also, it may be said that the majori- 
ty of patients must for the time being be classified as having idiopathic uric 
acid stone disease. This holds true not only for “primary” uric acid bladder 
stones which are highly prevalent im certain regions of the world and for 
which no etiology has been established with certainty as vet, but also for 
renal uric acid stones, such as reported by Armstrong and Greene [17], 
Cottet and coworkers [120], Badenoch [24], Henneman and coworkers [256] 
and in our patient material, most of which must be considered idiopathic. 

In the sparse literature on the etiology of “idiopathic” uric acid stones 
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various theories have been proposed. Some investigators are of the opinion 
that uric acid stone formation is always associated with hyperuricosuria 
and/or hyperuricemia [8, 477, 513]. In our experience and in that of others, 
such as Cottet and coworkers [120, 345], Keyser [297] and Greene [219], 
however, this certainly does not hold true for the majority of the idiopathic 
uric acid stone patients. Moreover, even the uric acid lithiasis in gouty 
patients is not always accompanied by hyperuricosuria (see Chapter 6). 
Recently, a low urinary pH, presumably due to defective ammonia formation 
by the kidney, has been implicated as an etiologic factor in uric acid stone 
disease [256, 573]. The importance of a genetic factor in idiopathic uric acid 
lithiasis has been stressed in a study from our clinic [142]. 

The question may be raised whether the discussion of the etiology of uric 

acid stones will apply also to the uric acid part of mixed uric acid stones, 
containing calcium salts, or whether such mixed stones must be regarded as 
primary calcium salt stones with a secondary admixture of uric acid. This is 
of special importance in view of the fact that a small percentage of our uric 
acid stone patients expel pure calcium salt stones also (see Chapter 3). 
Several observations point to the assumption that practically all mixed uric 
acid stones are primarily uric acid stones. 
(a) In many of the mixed stones, examined in our laboratory, the nucleus 
was found to consist of uric acid. (b) Many of the patients with mixed stones 
voided pure uric acid stones in addition, whereas only a few also voided pure 
calcium salt stones. (c) The urinary pH of the patients with mixed stones, 
containing uric acid and calcium oxalate, did not differ from the urinary pH 
in those with pure uric acid stones. (d) Uric acid crystalluria was found as 
frequently in the patients with mixed uric acid stones as in the patients with 
pure uric acid stones, except in those patients whose urinary pH was high, 
due to infection with urea-splitting organisms. (e) The average age at which 
the first manifestation of urolithiasis occurred in patients with mixed uric 
acid stones was similar to that in patients with pure uric acid stones and 
significantly higher than a comparable control group of patients with calcium 
salt stones. (f) A further argument in favour of the assumption that, in 
patients with mixed uric acid stones, the primary disease is uric lithiasis, is 
based on the fact that treatment with alkalinizing drugs and high fluid in- 
take effectively prevents new stone formation in patients who have mixed 
uric acid stones, whereas, if the disease were primarily a calcium salt lithiasis, 
the above treatment would probably not be so effective. 

As to the mixed uric acid stones, containing calcium phosphate, carbonate 
and ammonium magnesium phosphate, it is well established that these salts 
are secondary admixtures, mainly resulting from urinary tract infection, 
causing high urinary pH. 
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Whereas all these considerations may have bearing on both renal uric acid 
lithiasis and “primary” uric acid bladder stone disease, it is highly probable 
that these two conditions are determined by a different etiologic factor, in 
view of the prevalence of one or the other in different regions of the world and 
probably in different ages (see Chapter 4). In the etiology of uric acid 
bladder stones, various factors have been implicated, such as malnutrition 
[363, 525], vitamin A deficiency [265, 363] and infection [1I, 525], but no 
convincing evidence has been adduced as yet for any of these hypotheses 


(II, 324, 413). 
Experimental wric acid urohthiasis 


Uric acid stones may be produced in the experimental animal by several 
methods. The establishment of an Eck fistula (porto-caval anastomosis) in 
dogs is often followed by development of uric acid bladder stones [180, 236]. 
Uric acid stones appear in the bladder of both dogs and monkeys after extir- 
pation of the liver [538]. A combination of uric acid-rich and vitamin A- 
deficient diet has been reported as causing uric acid stones in rats [394]. 
Vitamin-A free diets alone, on the other hand, never resulted in uric acid 
stone formation in animals [441]. 

Ungar and Ungar [538, 539] described uric acid bladder stone formation in 
rats in which liver damage was induced by means of carbon tetrachloride. 
The stone formation was thought to be due to increased uric acid excretion 
caused by pre-hepatic deviation of the portal bloodflow through collaterals, 
thus partially circumventing the transformation of uric acid to allantoin by 
liver uricase. The same mechanism was thought to apply to uric acid stone 
formation in dogs with Eck's fistula. Additional studies by these authors 
[540] furnished evidence that the experimentally induced uric acid bladder 
stones were originally formed in the renal pelvis. Under the experimental 
methods applied, no relation was found between the uric acid stone formation 
and the vitamin A content of the diet. 

Groen [222] reported uric acid stone formation in dogs, kept on a diet 
exclusively consisting of bacon which led to extreme fatty degeneration of 
the liver. Uric acid stone formation has been described in poultry fed with 
diets containing large amounts of purine [107]. It should be noted that 
according to several investigators [221, 297, 488], the feeding of large 
amounts of uric acid or the intravenous administration of large amounts of 
uric acid to rabbits, rats or dogs does not lead to uric acid stone formation, 
although others noted both stone formation or obstruction caused by 
massive crystalluria after intravenous administration of uric acid [155, 512]. 
So far, the experimental production of uric acid stones in animals by various 
procedures has not contributed as yet significantly to our understanding of 
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the etiology and pathogenesis of human uric acid lithiasis. It is possible, 
however, that the mechanism by which all or most of these experimental 
procedures lead to uric acid stone formation, involves hyperuricosuria, thus 
adding weight to the concept of hyperuricosuria being a causative factor in 
at least certain cases of human uric acid lithiasis. 


Changes in the ground substance of the Ridney 


Baker et al. [25, 26, 27] have described marked changes in the renal tubular 
ground substance of the kidneys of patients with urolithiasis, including uric 
acid lithiasis, characterized by a patchy increase in the PAS-positive muco- 
polysaccharides of the basal membrane. Similar changes were found in 
animals with experimentally induced urolithiasis, such as that following 
injections of parathormon. Changes in the ground substance were observed 
before stone formation took place. Even more interesting was the finding 
that in unilateral nephrolithiasis in the human, similar changes in the ground 
substance were found both in the stone-bearing and in the contralateral kid- 
ney [25]. These authors came to the conclusion that urolithiasis, including 
uric acid lithiasis, was caused by a general disease, involving the ground 
substance of the kidney. 

Grimes [221] described changes in the ground substance of the tubules in 
the region of the corticomedullary junction in rats fed with large amounts of 
uric acid. This investigator noted that “there is very little similarity between 
the finer histologic alterations in kidneys undergoing calculus formation due 
to administration of parathormone and the ingestion of oxamide and uric 
acid.” 

The significance of these findings is not clear. They offer no clue as to why 
some patients form calcium oxalate stones and others uric acid stones. More- 
over, similar changes in the renal ground substance are found in pyelo- 
nephritis, stress, dehydration and various other conditions [221, 537]. Possi- 
bly, therefore, these findings are non-specific phenomena, accompanying 
renal damage due to various noxae, including the presence of stones. 


Hyperuricosuria and high urinary wric acid concentration 


The opinion that uric acid lithiasis is always due to hyperuricosuria has been 
proven fallacious by several investigators and by findings in our material 
(see Chapter 6). Nevertheless, the role of hyperuricosuria in uric acid stone 
formation merits careful appraisal, since uric acid lithiasis is more frequent 
in patients with hyperuricosuria than in the general population. 

Uric acid stones are prone to occur in patients with increased breakdown 
of nucleic acids leading to overproduction and hyperexcretion of uric acid, 
such as myeloproliferative disorders and lIymphomata, especially after 
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treatment with cytotoxic drugs or irradiation [230, 352, 517, 546, 555, see 
also literature on page 21]. In some cases of primary gout and in secondary 
gout, uric acid overproduction has been demonstrated and these patients 
often also excrete increased amounts of uric acid in the urine [230, 468]. It is 
tempting to assume, therefore, that in these cases the uric acid stone for- 
mation is causally related to the hyperuricosuria. An interesting observation 
in this respect is the spontaneous formation of uric acid stones in the Dal- 
matian Coach hound, the only mammal except for man and the anthropoid 
apes, which excretes appreciable quantities of uric acid in the urine [72]. 

There is no certainty that in patients with increased urinary uric acid ex- 
cretion, hyperuricosuria is the main or only factor causing uric acid stone 
formation. If this were true, all subjects with hyperuricosuria or at least all 
those with marked hyperuricosuria should have uric acid stones. We did not 
find in the literature any comparative data on the degree of hyperuricosuria 
in patients having diseases leading to increased uric acid excretion with uric 
acid stones as contrasted to those without uric acid lithiasis. In our gouty 
patient series we did not find a difference in uric acid excretion in patients 
with or without uric acid lithiasis (see Chapter 6). Furthermore, we found a 
few uric acid hyperexcretors among the “healthy” non-lithiasic subjects 
intended to serve as normal controls in a study of uric acid excretion. 

It is noteworthy in this respect that when death is due to uremia occurring 
in association with massive hyperuricosuria in patients suffering from myelo- 
proliferative disorders or lymphoma and being treated with cytotoxic drugs 
or irradiation, the ureters generally are found to be blocked by uric acid 
crystals, but only rarely by uric acid stones. Moreover, uric acid stones are 
rarely formed during the first few days after birth, when uric acid crystals 
are often found in the urine [411, 446], though the overloading of the kidneys 
of the newborn by uric acid may be so excessive that macroscopic renal “uric 
acid infarcts” are found [7]. 

The strongest argument against hyperuricosuria per se being the main 
causative factor in uric acid stone formation, is the fact that most uric acid 
stone patients are normouricosuric. Thus, hyperuricosuria, possibly and 
probably, is a factor which promotes uric acid stone formation, but in order 
for uric acid stones to be formed or at least to initiate this formation, ad- 
ditional factor(s) must be present. 

The relation between hyperuricosuria and uric acid stone formation seems 
to be analogous to the relation between hypercalciuria and calcium stone 
formation. Patients with diseases leading to hypercalciuria have a higher 
frequency of calcium salt stones than a comparable control group. Amongst 
any large group of patients with calcium stone lithiasis, the percentage of 
subjects with hypercalciuria is much higher than that for the general popu- 
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lation. But most patients with calcium salt stones have normocalciuria 
[68, 120, 182, 439]. Thus, hypercalciuria is probably a promoting factor in 
calcium salt stone formation, but additional causative factors must be 
present. 

If hyperuricosuria is a causative factor in uric acid stone formation in 
certain patients, its role must be sought in the elevated concentration of 
urinary uric acid, exceeding the uric acid solubility in the urine. An elevated 
urinary uric acid concentration also occurs in normouricosuric subjects under 
conditions of dehydration and its attendent minimal, highly concentrated 
urine. Again, the high urinary uric acid concentration must be regarded as a 
stone formation-enhancing factor, and not as the primary cause of uric acid 
stone formation. Indeed, during an investigation of the urinary volume and 
the concentration of some urinary constituents in the hot southern part of 
Israel, we often found extremely high concentrations of urinary uric acid, 
reaching levels of 250 mg% in perfectly healthy subjects [278]. 

The beneficial influence of a high urinary volume in uric acid stone patients 
can not be doubted, and several times this beneficial influence was brought 
home to us forcefully by patients who stated unequivocally that stones had 
been formed during a short period of extreme heat or strenuous exercise. It is 
quite conceivable that in a subject with a tendency to uric acid lithiasis a 
short period of high urinary uric acid concentration triggers stone formation. 
A possibly related phenomenon is described by Butt [97] who stated that in 
soldiers under the stress of battle there is a definite tendency to uric acid 
stone formation. Although other factors related to stress may have played a 
role, a low urinary volume due to severely curtailed fluid intake under battle 
conditions may be invoked. 


Changes in the Ridney associated with hyperuricemia and gout 


Here we wish only to repeat that purine-rich feeding to experimental animals 
or the intravenous injection of uric acid does not lead to uric acid stone for- 
mation, except in chickens. On the other hand, these short-term experiments 
may not reflect the changes and pathologic mechanisms induced by long- 
term hyperuricemia. 

The only reference we found in the recent literature relating to pathological 
changes in the kidneys associated with hyperuricemia in man, was a study by 
Duncan and Dixon [154] in 1960. However, this study was based on members 
of a gouty family and on subjects who had suffered from urolithiasis. No 
information was given whether these subjects had hyperuricosuria in addition 
to hyperuricemia. It is difficult therefore to evaluate the role of the hyper- 
uricemia as such in the genesis of the renal changes. We did not find detailed 
descriptions of renal changes in patients with hyperuricemia due to diseases 


159 


ETIOLOGY AND PATHOGENESIS 


TABLE 32 
Frequency of urolithiasis, including uric acid stones, in patients with 
gout | 
Year | 
Name of author Reference Country o) | 
publication 
Kinell and Haden 299 USA I940 
Muellner and Sears 385 USA 1952 
Kittredge and Downs 302, 303 USA 1952 
Traut 530 USA 1952 
Kuzell et al. 319 USA 1955 | 
Gutman and Yiú 229 USA 1957 | 
Weiss and Segaloff 557 USA 1959 
Bartels and Matossian 28 USA 1959 
Talbot and Terplan 518 USA Ig6o 
Sokoloff et al. 493 Argentine I959 | 
Brochner-Mortensen 8o Scandinavia LO4F 
Paillard and Fauvert cited from 
345 France I945 
Sérane and Lederer 476 France 1954 
de Sêze and Ryckewaert I40 France I9g60 
Louyot, Gaucher and Mathieu 347 France I96I 


leading to increased uric acid production, such as leukemia and polycythe- 
mia, except for patients who had massive uricosuria causing death due to 
blockage of the tubules or ureters by uric acid crystals or stones. There are 
many descriptions of the renal changes in gout, though it is not certain that 
these changes are due to the hyperuricemia per se and not partly or wholly to 
other disturbances associated with gout, especially since a primary renal 
tubular defect in uric acid handling is nowadays assumed in certain gouty 
patients. According to several investigators and reviewers [87, 176, 348, 447, 
518], uric acid and urate crystals in the tubules and in the renal parenchyma, 
causing tissue destruction and nonspecific tissue reactions, are the only 
specific findings in the kidneys of patients with gout. Additional changes, 
such as chronic pyelonephritis and nephrosclerosis, are regarded as non- 
specific. These reports are mostly based on autopsies of aged subjects who 
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Patients with gout 


au Wath wrolithiasis With wric acid lithiasis Remarks 
patients NBA % Edo % 
62 h TUAS) 
II-20 
324 56 17.3 Of 14 stones examined 9 were 
composed of uric acid. 
IO 
920 5.3 d 
UT O 
300 36 I2 
280 50 17.8 
231 24 IO.5 
I9I 32 16.8 
637 64 IO 
IOO E7 Tg 
The non-uric acid stones were 
542 98 I8 69 [2.7 composed of calcium oxalate. 
136 45 33.1 45 Sel Only males 
180 43 23.9 8 additional patients developed 
stones during uricosuric treatment. 
go II Za 6 patients voided only “urate” 


sand without colics. 


had gout for prolonged periods. In a recent study by Greenbaum et al. [216], 
renal biopsies were performed on a series of gouty patients, some of whom 
were relatively young, and who had had the disease for a few years only 
without obvious impairment of renal function. The earliest structural defect 
was thought to be a fine interstitial fibrosis which, it was believed, was 
caused by progressive tubular changes, undetectable by simple histologic 
stains. No uric acid or urate crystals were found in these kidneys. At the 
present it is difficult to conceive a correlation between the renal changes, 
both in the advanced and in the initial stages of gout, and the formation of 
uric acid stones, except for a possible extrusion of uric acid crystals or concre- 
ments into the tubules, similar to the mechanism proposed by Randall [441] 
for calcium stone formation. This, however, is purely speculative. If the 
chronic pyelonephritis associated with gout were to play a role, one would 


I6I 


ETIOLOGY AND PATHOGENESIS 


expect mainly calcium salt stones to be formed in this disease. Indeed, this 
occurs in some gouty patients, but in the majority of them the stones are 
composed of uric acid. 

We found no data in the literature comparing the serum uric acid values 
in gouty patients with and without urolithiasis. In our gouty patient material 
no clear difference in serum uric acid levels, related to the presence or absence 
of stones, was found. It is also noteworthy that in patients with chronic 
uremia due to chronic glomerulonephritis or pyelonephritis, the serum uric 
acid may be elevated for long periods of time without uric acid stone formation. 

Even if it were assumed that hyperuricemia promotes uric acid stone for- 
mation it is certainly not the main factor, otherwise most gouty patients 
would have uric acid stones. This is not the case as evidenced by reports of 
series of gouty patients in the literature (see Table 32). The only series of 
gouty patients in the majority of whom uric acid stones occurred, is that 
under our observation: 75% [190, 541]. In those patients an additional 
factor conducive to uric acid stone formation, possibly genetic (see below), is 
presumed. 

The only conclusion that can be reached at present is as follows: there are 
no indications that hyperuricemia is a factor in uric acid stone formation, 
except by way of causing hyperuricosuria. 


Uric acid solubility 


The solubility of uric acid-urate in the urine has been extensively investi- 
gated in the first quarter of this century by various investigators. A detailed 
discussion of this problem was given by Peters and van Slyke in 1946 [417]. 
A few facts have been established by these studies: higher solubility of uric 
acid-urate in urine than in buffer solutions, solubilizing effect of high urea 
concentrations [371], dependance of uric acid solubility on pH [417, 432]. 
There are important gaps in our knowledge of the physicochemical con- 
ditions determining the solubility of uric acid in the urine, as has become 
clear in investigations being carried out in our laboratory [541]. Thus, uric 
acid-urate solubility in the urine seems to be dependent on the nature of the 
crystals added, and on various initial conditions, including pH. In addition, 
there is no certainty that in vitro experiments on urinary uric acid-urate 
solubility reflect the varying conditions existing along the course of the renal 
tubules which both absorb and excrete uric acid and in which there are 
enormous variations in concentrations of many urinary constituents. More- 
over, even if complete understanding of the mechanisms involved in the 
determination of urinary uric acid-urate solubility would have been achieved, 
it would still be necessary to establish a connection between these physico- 
chemical processes and stone formation. The ultimate solution of these 
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problems seems still distant. In the present chapter we shall discuss three 
aspects of the problem of uric acid stone formation, for which important 
considerations have been brought forth in the literature. 


Urinary pH 

Several investigators have observed that uric acid stone patients tend to 
have a low urinary pH [17, 24, 100, 120, 256, 303, 345, 362, 372, 477, 525, 
573], often reaching levels below pH 5.0. This was also confirmed in our 
patient material [22, 187, see also Chapter 6). Since uric acid solubility is 
directly related to the pH of the medium it is tempting to relate the low uri- 
nary pH to the formation of uric acid stones in patients with uric acid lithiasis. 

According to Henneman and coworkers [256] and to Woeber et al. [573], 
the cause of the low urinary pH in idiopathic uric acid stone patients is a 
tubular defect in ammonia formation. Henneman et al. [256] found in two 
patients with idiopathic uric acid lithiasis a relatively low 24-h urinary 
ammonia excretion which, after acid loading, did not rise to the level of that 
attained by three normal control subjects. Whether insufficient tubular 
ammonia production adequately explains the low urinary pH in these 
patients, must await further confirmation, especially since the rise in am- 
monia excretion in the lithiasic patients was relatively as high as that in the 
normal subjects. Moreover, as noted by Henneman et al., both patients 
examined were at an advanced age, at which tubular ammonia formation 
may be deficient [267], whereas the control subjects were much younger. 
Preliminary investigations in our laboratory did not confirm inadequate 
ammonia production in a few younger patients with idiopathic uric acid 
lithiasis who had a low urinary pH [187, 541]. 

The tubular defect responsible for the deficient ammonia production as- 
sumed by Henneman et al. [256] and Woeber et al. [573] has not been eluci- 
dated. Irrespective of the mechanism responsible for the low urinary pH in 
uric acid stone patients, it seems questionable whether a low urinary pH 
furnishes an adequate explanation for uric acid stone formation. “Normal” 
persons may have a low urinary pH during prolonged periods of time without 
producing uric acid stones [541]. Assuming that these subjects may form 
stones at some future time, the question may be asked why they do not do 
so at present. Furthermore, we have under our observation several patients 
who regularly form uric acid stones and whose urinary pH is not very low, 
1.e. around pH 5.5. 


Mucoproterns 
Normal urine contains small amounts of mucoproteins, thought by some 


investigators to exert a protective solubilizing action on various urinary 


163 


ETIOLOGY AND PATHOGENESIS 


constituents. Lack of these “protective substances” often has been implicated 
as the cause of stone formation, and recently by Butt [97]. A new approach 
to the role of the mucoproteins in stone formation was made by Rubin and 
Howard [273, 457], who showed that the matrix of various urinary tract 
stones has staining properties similar to that of bone. Boyce et al. [69, 70], 
who conducted detailed investigations of stone matrices and urinary colloids 
in healthy and lithiasic subjects, concluded that formation of stones of any 
type is caused by the presence of abnormal mucoproteins in the urine. The 
formation of calcium salt stones is considered by these authors to be a result 
of calcium binding by a mechanism of chelation and ion exchange. Uric acid 
is supposed to crystallize on the organic matrix due to the creation of a 
favorable environment for crystallization between the layers of the matrix. 
The type of stone formed is thought to be dependent upon the specific 
conditions of the urine, such as pH, concentration of calcium and uric acid, 
present at the time of stone formation [69]. According to Stanton King and 
Bovyce [503, 504], the matrices of all types of stones are similar. On the other 
hand, they found that the staining properties of the matrix of uric acid stones 
were different from those of calcium stones, possibly related to the absence of 
glucose in the former. Dulce [152] confirmed the main findings of Boyce et al., 
both regarding the urinary mucoproteins and the chemical composition of 
the matrix, but found the carbohydrate component of the matrix to be 
glucose [153]. He found that the matrix of uric acid stones differed signifi- 
cantly from that of calcium salt stones, and came to the conclusion that the 
matrix of uric acid stones was inactive in ion exchange, but possibly induced 
crystallization of uric acid. According to that investigator, the urine must be 
in a state of supersaturation in order that uric acid stone formation may take 
place [152]. The finding of an abnormal serum and urinary mucoprotein in 
patients with uric acid lithiasis was reported recently by Thomas et al. [522, 


523). 


Unic acid crystalluria 

Great importance must be attributed to the presence of uric acid crystal- 
luria in the pathogenesis of uric acid stones, since, as was shown in Chapter 5, 
uric acid crystals are found in the urine of the large majority of uric acid 
stone patients and only in a small minority of apparently normal subjects. 

The presence of crystals in the urine indicates that the solubility of uric 
acid has been exceeded under the physicochemical conditions of the urinary 
specimen examined. According to Dulce [152], uric acid stones are formed 
only when supersaturation prevails. Uric acid crystal formation may there- 
fore be a prerequisite to uric acid stone formation. On the other hand, as 
mentioned above, supersaturation of the urine with uric acid will, according 
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to Dulce [66], lead to stone formation only when there is a “crystallization 
nucleus” consisting of organic matrix. Our findings [22] and those of others 
[120], showing the presence of uric acid crystals in voided urine in the majori- 
ty of uric acid stone patients and in only a few healthy subjects, strengthen 
the hypothesis that uric acid stone formation is related to supersaturation of 
the urine with uric acid. Dulce's hypothesis and the frequent occurrence of 
uric acid crystalluria in uric acid stone patients, may be based on the as- 
sumption that both the formation of the matrix and the uric acid crystalluria 
are due to a common factor, for instance abnormal mucoproteins. 

Another hypothesis which may explain the correlation between uric acid 
stone formation and the findings of uric acid crystals in the urine is that of 
Finlayson et al. [177], according to whom the matrix coprecipitates with the 
crystals and then acts as a cement binding the crystals together. In that 
case, the stone matrix would be secondary to crystal precipitation and the 
problem would revert again to explaining the supersaturation of the urine 
with uric acid by a mechanism other than that involving matrix formation. 

Consistent with the hypothesis of coprecipitation of matrix with crystals is 
the following consideration. If the formation of the uric acid stone matrix 
would be the primary event, independent of the uric acid being in a state of 
solution or of crystals, one might expect to find “matrix stones” in patients 
treated by alkalinization and who previously had formed uric acid stones 
regularly. Matrix stones were found by Boyce in patients with calcium salt 
lithiasis, in whom, after surgical removal of the calcium stones, the urinary 
calcium excretion was reduced by means of diet and sodium phytate to abcut 
40 mg daily [68]. Furthermore, one would have expected a matrix to have 
remained in the renal pelvis after the uric acid had been dissolved from a uric 
acid stone by alkalinization of the urine. Such matrix stones, however, were 
never observed by us. 


Genetic aspects: inherited uric acid lithiasis 


Earlier in this monograph (Chapter 5), evidence was brought forward that 
uric acid lithiasis may appear as a familial disorder. In the following we shall 
bring arguments for the existence of uric acid lithiasis as a hereditary disease. 
We have under observation several families in whom uric acid lithiasis was 
prevalent in consecutive generations. In none of these families was there a 
history of gout or objective proof of gout, nor could a specific etiology for the 
uric acid stones be found. 

Three families with idiopathic uric acid lithiasis were selected for study 
[142], because the respective propositus had presented a family history with 
a remarkably high incidence of urolithiasis and because the families were 
large and many relatives were willing to cooperate. From as many members 
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TABLE 33 


Prevalence of urolithiasis in three families with idiopathic 
uric acid lithiasis. Composition of stones 


Members with urolithiasis*| 


Total Males Females 
Family 1 15/97 11/54 4/43 
Family 2 27/69 17/39 10/30 
Family 3 18/48 II/24 7/24 
Total 60/214 39/117 21/97 

28% 33% 22% 


* Propositi included. 


of each family as possible, a personal and family history was obtained. All 
those available were admitted to the outpatient clinic for physical and 
laboratory examination, including serum uric acid, urinary uric acid ex- 
cretion, urinary pH and uric acid crystalluria. In those with a history of 
stones, X-ray examination of the urinary tract was performed. All stones 
obtained were examined. 

Table 33 presents the prevalence of urolithiasis in these three families, 
together with the composition of the stones obtained. The overall frequency 
of urolithiasis in these families was 28%, in the males 33%, in the females 
22% The occurrence of urolithiasis already at a young age was noteworthy. 
Above the age of 18, the incidence was excessive (41%). Out ofthe 17 patients 
from whom stones were obtained for examination, g had pure uric acid stones 
and an additional 6 had uric acid stones mixed with calcium salts. Thus, uric 
acid stones, pure or mixed, were found in 88% of the patients with stones 
available for examination. 


Family 1, Fig. 38. This family originated in Rumania, immigrating to Israel 
in the year 1860. No adequate information was available on these immigrants 
and the first generation in the pedigree Fig. 38 represents their children. The 
members of the first and second generation generally reached a high age, many 
of them 7o years and above. There was one consanguineous union. There was no 
history of gout, diabetes or hypertension in this family. In the fourth generation, 
most members of which were at this time below the age of 18, no stones had 
become manifest. In the first three generations, comprising a total of 51 members, 
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AU members Stones examined 
Age No. of Composition 
TS ES é mremebens Pure uric acid Mixed Calcium salts 


3/52 12/45 qi 5 3 
2/17 25/52 (Otto 2 2 3 
2/16 16/32 Ali 3 I I 


7/85 53/129 
8% 41% 


** One member had both pure uric acid and mixed stones. 
*** (One member had both mixed stones and calcium salt stones. 


I5, 1.e. 29.4% had urolithiasis, (one member who had urolithiasis, was not 
included in Fig. 38, since he had married into the family). Seven of the patients 
had proven uric acid stones, whereas in 8 the stone composition was not known. 
Of these latter, 3 probably had uric acid stones according to a typical history of 
excretion of reddish sand and many small reddish stones and the finding of uric 
acid crystals in their urine. Urolithiasis in this family was preponderant in the 
males: 11 out of 54, whereas in the females 4 out of 43. 


IMMIGRATED fia INIB6O 


E E GE» 
Re 


Fig. 38. Pedigree of Family 1 with idiopathic uric acid lithia- 
sis. Blackened spaces indicate proven uric acid stones, 
hatched spaces indicate urolithiasis, either calcium stone or 
of undetermined composition, dashed contours indicate that 
no information is available. Numbers above indicate place 
in pedigree; numbers below indicate age of patient at time 
of examination, or with asterisk, age at death. 
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Family 2, Fig. 39. This family originated in Russia. Its pedigree is shown in 
Fig. 39. All members of the fifth generation, 7 of the fourth generation and 
one of the third are at present below the age of 18. There had been no consan- 
guineous unions and no history of gout in this family. Diabetes was known in one 
member (wife of II, 7) in which it occurred at a high age. Hypertension was not 
frequent. Of the only members in whom urolithiasis occurred below the age of 18, 
one was of the third generation (III,18) and one was of the fifth generation (V, 4, 
see Case No. 5). Of 52 members above the age of 18, 25 were known to have, or 
to have had urolithiasis, 4.º. an incidence of 48%. Of these, one had pure uric acid 
stones and two had mixed stones, one of them having in addition calcium salt 
stones not containing uric acid. The child V, 4 had pure uric acid stones. From 
two other members, calcium salt stones only were obtained. In four of the 
remaining members, uric acid lithiasis was suspected on the basis of a typical 
history and uric acid crystalluria. Urolithiasis in this family was preponderant in 
the males, 17 out of 39, whereas in the females 10 out of 30. 


15) 16) 17) 18) 


A Z 
26 252810 


Fig. 39. Pedigree of Family 2 with idiopathic uric acid lithia- 
sis. Symbols as in Fig. 38. 


Family 3, Fig. 40. Al members of generations I, II and III of this family, 
except one (III, 3), immigrated from Russia in the years 1920-1930. All those 
belonging to generation IV were born in Israel. There had been no consanguine- 
ous unions in this family and no history of gout, hypertension or diabetes, except 
in the wife of member II, 2 in whom diabetes had been detected at the age of 71. 
Stones occurred in 18 of the 48 members of this family, %.e. in 38%, in 11 Of the 
24 male members and in 7 of 24 females. Above the age of 18, the incidence was 
50%. The stones of 4 members were examined and proved to be pure uric acid 
stones in two, mixed and pure stones in the third and in the fourth (III, 10) a 
calcium oxalate-calcium phosphate stone. According to a typical history, 3 out 
of the other 14 members with stones probably had uric acid stones. 


Clinical features 
The clinical features of the disease in these families conform to those 
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Fig. 40. Pedigree of Family 3 with idiopathic uric acid lithia- 
sis. Symbols as in Fig. 38. 


described in Chapter 5. In almost all patients, the disease appeared at adult 
age. Table 34 shows that in all three families the first manifestation of the 
disease appeared at an earlier age in successive generations. In 6 patients, the 
disease appeared below the age of 18. Member III,12 of family 1 had his first 
renal colic at the age of 3 and a stone was removed surgically at the age of 4. 
Member III,15 of family 1 had his first renal colic at age 16. Member III,18 
of family 2 had a left renal colic at age 10. Member V;,4 of family 2 had a renal 


TABLE 34 


Age at first clinical manifestation of urolithiasis in successive 
generations of three families with idiopathic uric acid lithiasis 
(Only members on whom reliable information was available 
are included) 


Age of fist clinical manifestation 


Generation 
Family 1 Family 2 Family 3 
I s2(1) 
II 49(4*),45(8*), 44(7*)  60(12*), 48(13*), 34(7*)  60(4), 50(6), 47(5), 
A3LII*), 34(5*) 35(2*), 30(1) 
II 31(18*),26(34),21(20) 47(3), 38(7), 24(15), 46(2), 46(5), 40(4), 25(6*), 
18(7), 16(15), 3(12*) 24(16), 24(17), 10(18)  24(10),21(1), 20(3) 
IV 20(3), 14(2), 8(4*) 
Ná 1(4*) 


Numbers between brackets indicate serial number in respective pedigree in 
Figs. 38-40. 
* Indicates proven uric acid lithiasis. 
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TABLE 35 
Serum uric acid and urinary uric acid excretion (on regular 
diet) in three families with uric acid lithiasis 


Family 1 
Serum Uric 
No. in uvic acid No. in 
pedigree acid excretion pedigree 
mg % mgl24 h 


Members with 
urolithiasis JOR io 4.3-3.7 607-491 It as 
Jils 6.0-4.4 918-223 IUNES 


ia 6.1-2.9 239-43 Ji, 
IBC dt RR IV 7 
JOB mofo 4.3 782 Ni gta 


JOLIE Stop 5.4-4.6 1024-759 


Healthy Ju os 4.5 341 JOD Ay 
members II sw 4.3-2.8 936-561 JaME di 
III 16 4.7-4.6 677-400 E 2 
II 24 Ez 526 as 

II 28 2.6 497 II 10 
IV 14 I00-71 IV 5 
IV 6 

IV 7h 
IV 8 

IV 10 


Ranges are based upon at least three examinations. Single 
values indicate that only one examination was performed. 


colic and hematuria at the age of 9 months (see Case No. 5). In member IV,4 
of family 3, the disease manifested itself for the first time at the age 8, when 
renal colics and hematuria occurred and numerous small stones were passed. 
Member IV,2 of this family had his first renal colic at the age of 14; no stones 
could be examined, but the history is suggestive of uric acid stones. 

The uric acid stones produced by the members of these families were of 
varying size, ranging from grain size (“sand”) to large staghomn stones, either 
pure uric acid or uric acid mixed with calcium salts. Stone size seems not to 
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Family 2 Family 3 
Serum. Uric Serum. Uric 
uric acid No. in uric acid 
acid excretion pedigree acid excretion 
mg % mgl24 h mg % mgl24 h 
4.1-5.4 562-486 tis 4.7 985 
2.9 426-288 II 2w 33 630 
3.4 847-522 TUA 4.2 388 
450 HI 5 4.4 993 
122-53 III 6* 6.9-3.9 1570-1500 
TEVE? 4.4 684 
[IVA 4.5 1287 
UV 4* (rt 288-217 
2.5 378 II 2w 3:4 453 
4.3 NT HI 6h 4.5 736 
215 232 IV 5 8.3 552 
III3 IV 6 5.8-5.5 918 
4.6 784 IVg 4.0 480 
5-3 593 
5:2 35090-253 
630 
4:4 1254-714 
634 
* Proven uric acid stones; w = wife of ...... :h = husband 


(O nes 


be a constant family characteristic, small stones and large ones occurring in 
different members of one family, and even in one member. Specific members, 
however, may have a striking tendency to formation of numerous small 
stones, whereas others produce mainly large stones. For instance members 
II,5 11,8 11,11 of family 1 had very large stones, two of them staghorn stones, 
requiring surgical intervention, whereas member III, 18 of this family voided 
numerous small stones and sand, which until the present have not necessi- 
tated surgery. Some members are extremely active stone formers. Thus, 
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member III,18 of family 1 counted 300 stones voided during one month. In 
family 2 most of the stone patients had produced large stones. In family 3, 
three members (11,2, III,2, II1,6) had large stones, two of them staghorn 
stones; the others had small stones as far as is known. 

In these families, idiopathic uric acid lithiasis is a severe, often incapaci- 
tating and even mortal disease. Almost all of these patients suffered from 
frequent colics and expelled many stones during the years or/and required 
recurrent surgery. Out of the 60 stone patients in the three families, 10 under- 
went urologic surgery, 2 recurrent surgery, and 3 nephrectomy; 14 died in 
uremia between the ages of 30-60. 


Laboratory findings 

Table 35 shows the serum uric acid and 24-h urinary uric acid excretion on 
a regular diet in those members of the three families whose cooperation was 
obtained. The serum uric acid values did not exceed the upper limit of the 
normal range in our laboratory, neither in the members with urolithiasis, 
including those with proven uric acid lithiasis, nor in the healthy members 
examined, 2.3-6.4 mg% (mean + 2 S.D.: 2.5-6.1 mg%). The large vari- 
ation in serum uric acid values observed in a few patients was partly due to 
the fact that the values comprise determinations carried out in an individual 
patient with fluctuations in renal function due to the severe stone disease 
over the course of several years. The 24-h urinary uric acid excretion on a 
regular diet was in the normal range in both the stone patients and in the 
healthy members in family 1. In family 2, the stone patients examined were 
all normouricosuric, two of the healthy members were in the upper range of 
normal or possibly slightly hyperuricosuric (normal range in a series of 85 
normais on a regular diet 158-1278 mg per 24 h, average 585 mg, mean ++ 2 
S.D. 1117 mg). In family 3, one patient (propositus R.D. 111,6) had definite 
hyperuricosuria on repeated examination, up to 1570 mg in 24h. Another 
stone patient, IV,3, had a uric acid excretion in the upper range of normal or 
possibly slightly hyperuricosuric. All healthy members examined were 
normouricosuric. Thus most of the stone patients and the healthy members 
in these three families had no hyperuricosuria. The marked fluctuations in 
urinary uric acid excretion observed in many subjects possibly reflect inaccu- 
racies in the 24-h urine collections, inherent in investigation of ambulatory 
patients. Moreover, the values were obtained in different seasons of the year 
and the unrestricted diet may have influenced the daily uric acid excretion. 

We were only able to carry out systematic investigation of urinary pH and 
crystalluria throughout the year in one of the three families (family 1). Uric 
acid crystalluria was found on several occasions in the freshly voided morning 
urine of the 7 uric acid stone patients of this family. Out of these 7 uric acid 
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stone patients, the lowest morning urinary pH was 4.9-5.1 in 5 without 
urinary tract infection, and in the 2 with infection 5.1 and 5.7, respectively. 
In 6 healthy members pH values of 4.8-5.5 were found. 


Genetic aspects 

The appearance of affected subjects in several consecutive generations and 
the transmission through father and mother to children of both sexes indi- 
cated an autosomal dominant mode of inheritance. Conforming to a dominant 
mode of inheritance were the ratio of affected children to all children of 
affected parents (children above 20 years of age: 46%, above 30 years of age: 
53%) and the ratio of affected parents to all parents of affected sibships 
(39%). (See Tables 36 and 37). In these calculations, all propositi were in- 
cluded as “affected”. Inspection of the standard error of the ratios (Table 36 
and 37) showed that the difference between the various ratios was not 
significant. 

The question of a relationship between inherited idiopathic uric acid 
lithiasis, such as in these families, and gout or the metabolic disorder under- 
lying gout, must be raised. Uric acid lithiasis is fairly common in gout, its 
incidence ranging in various series of gouty patients from 5 up to 33% (see 
Table 32). In our gouty patients it was 75%. Since gout is an inherited 
disease, uric acid lithiasis associated with gout may also appear as an in- 
herited and familial condition in the large pedigrees of gouty families. We 
have under our observation one family in which both gout and uric acid 


TABLE 36 
Ratio of affected children to all children of affected parents 


Children < 20 years Children < 30 years 


of affected pavents of affected parents 
AM children 
Number 63 49 
Affected children 
Number 29 26 
Y% 46 53 
DEL aa + 6.3 +71 


* Standard error of the ratio = 


E affected x (100 — % affected) 
N 
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lithiasis are prevalent. In some members, the two diseases appear together, 
while in others either one or the other is present. 

Nonetheless, there are cogent arguments for the assumption that in certain 
families, such as those herein described, inherited uric acid lithiasis consti- 
tutes a nosological entity distinct from gout. 


DABLESSZ 
The ratio of affected parents to all parents of affected sibships 


AU parents Affected parenis 
Number Number AR E Es 
52 20 38.5 + 6.8 


* Standard error of the ratio — 


Vs affected x (100 — % affected) 
N 


First, in 15 families in whom at least two members had proven uric acid 
lithiasis, no family history of clinical gout was obtained (see Chapter 5). 
More significantly, in the three families described in the present study, in 
each of whom several members, up to seven, had proven uric acid lithiasis, no 
case of gout was detected, in spite of intensive search for joint disease by 
personal interview of many members of these families, including septagena- 
rians and even octogenarians. Although uric acid stones may precede gouty 
arthritis by many years [I6, 22, 124, 190, 343, 345, 477, 557], the absence of 
gout rendered it improbable that the uric acid lithiasis was related to gout in 
these three large families. 

Secondly, no hyperuricemia was found in the patients with idiopathic uric 
acid stones, or in the few healthy relatives available for examination be- 
longing to the 15 families in whom uric acid lithiasis was present in at least 
two members, and in any member of the three families which were presented 
in detail above. The absence of hyperuricosuria in most of the patients with 
urolithiasis in these three families as well as in most of the healthy members 
examined, cannot be considered an argument as to the distinctness of in- 
herited uric acid lithiasis from gout, since most gouty patients are normo. 
uricosuric as well [229]. 

Thirdly, whereas there is in primary gout a striking preponderance of 
males [140, 226, 220, 319, 489, 516, 534] in whom the incidence of uro- 
lithiasis is considerably higher than in gouty females (up to five times [319]), 
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in the three families with inherited uric acid lithiasis, the incidence of uro- 
lithiasis in the females was only slightly less than in the males. 

The establishment of idiopathic uric acid lithiasis as an inherited disorder 
in certain Jewish families is of great interest in view of the relatively frequent 
uric acid stone disease in subjects, living in or originating from countries 
surrounding the Mediterranean basin, such as Italians [372], Turks [159], 
Jews [256], and French [160, 416, 476]. The hypothesis may be put forward 
that a genetic factor conducive to uric acid stone formation is operative in 
people of Mediterranean origin. The operation of such a genetic factor may 
explain the extremely high frequency of uric acid lithiasis in gouty subjects 
living in Israel, which is much higher than that in series of gouty patients 
reported from other countries (Table 32). It may be pertinent that the next 
highest frequency of urolithiasis in the various series of gouty subjects was 
reported from France (140, 476] with its Latin population. 

The gene responsible for the tendency to uric acid stone formation must be 
widespread in Israeli Jews in view of the high prevalence of uric acid lithiasis 
in this country. The mode of inheritance in the three presently described 
families is apparently autosomal dominant with high penetrance, females 
being affected with the same frequency as males. On the other hand, since 
the uric acid lithiasis in the Israeli population in general affects males far 
more often than females, it is possible that there are other modes of in- 
heritance of the tendency to uric acid stone formation. Extensive epidemi- 
ological and genetic research will be required to clarify this problem. 

The mechanism through which the presumed abnormal gene(s) operates in 
the causation of uric acid stones is unknown. Whether the gene abnormality 
acts through a tubular deficiency in ammonia production with ensuing low 
urinary pH, needs further confirmation. Since, however, a low urinary pH, 
as has been pointed out formerly, is probably not the only or main cause of 
stone formation, it may be necessary to assume an additional genetically 
determined mechanism, involving for instance the excretion of abnormal 
urinary mucoproteins. It should be stressed that the presumed abnormal 
gene does not operate through hyperuricemia or hyperuricosuria. 

Through whatever mechanism the abnormal gene operates, it must be 
assumed that environmental factors play a role in determining whether a 
genetically predisposed individual will suffer from uric acid stone disease. 
Important amongst these environmental factors may be dehydration leading 
to high urinary uric acid concentration, conditions leading to low urinary pH 
and factors causing hyperuricosuria, such as high purine intake, or conditions 
associated with increased nucleic acid breakdown. 
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As has been pointed out repeatedly in the previous chapters, uric acid 
lithiasis is far from being an innocuous disease and we fully agree with 
Allyn [9] that there is a discrepancy between the incidence and severity 
of uric acid stone disease and the number of papers published on this sub- 
ject. Uric acid stones may cause much suffering and severe, even fatal, 
kidney damage. Urologic surgery is often indicated and repeated surgery 
is not uncommon. Nephrectomy is not rare. These facts negate the optimistic 
approach to this disease often couched in terms such as: “uric acid stones 
are small, smooth, and easily expelled, rarely causing kidney damage or 
necessitating surgery” [9, 140, 147, 302, 349, 454]. 

Early institution of therapy may be successful in preventing stone re- 
currence in the large majority of uric acid stone patients. A correct diagnosis 
in a patient with large pure or mixed uric acid stones may prevent surgery 
since it is often possible to dissolve the stones in vivo. The establishment 
of the diagnosis of uric acid lithiasis therefore is not a subject of academic 
interest only. We agree with Cottet [120] who stated that, provided correct 
treatment is applied, uric acid lithiasis is the most benign of all kidney 
stone diseases. 


Forms of treatment proposed in the literature 


Several forms of treatment which have been proposed in the literature 
will now be briefly reviewed while the method of treatment used in our 
clinic will be discussed more extensively further on. 

Alkalinization of the urine. This venerated treatment, first prescribed by 
Howship in 1816 [562], was set on a firm physicochemical basis by various 
investigators such as Gudzent, Lichtwitz, Meyer and Haskins [417, 432], 
who showed independently that the solubility of uric acid in the urine is 
minimal at a low pH. Various methods for alkalinization of the urine have 
been used: alkaline ash diets, salts of organic acids, sodium bicarbonate, 
various mineral waters and others. 

Increase of flwid intake. The aim of a large fluid intake is to decrease 
the uric acid concentration in the urine. This treatment is not specific for 
uric acid lithiasis and is used in urolithiasis in general. 

Low-protein diet. According to Bogash and Dowben [62], a low-protein 
diet will decrease the daily urinary uric acid excretion by approximately 
250 mg. 
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Low-purine diet. A diet low in purines causes a decrease in daily urinary 
uric acid excretion of about 200-300 mg [227, 516, 557]. Such a diet is mainly 
used in the treatment of gouty patients with or without uric acid stones. 
It is advocated by Cottet [121] for all uric acid stone patients, including 
nongouty ones. À combined low-purine and low-protein diet will reduce 
uric acid excretion still further [62]. 

Poperazine-diethylenediamine. This substance increases the solubility 
of uric acid and is advocated by French authors [345]. 

Anabokic agents. Nilevar, 17-a-ethyl-17-hydroxynorandrostenone, is held 
to decrease endogenous uric acid production by reason of its anabolic 
action and possibly also by depression of spermatogenesis [346]. Though 
theoretically sound, the efficacy of this treatment in preventing recurrence 
of uric acid stones, has yet to be proven. 

Lemon juice. Treatment with lemon juice has recently been advocated 
both for prevention and for dissolution of uric acid stones [48, 49] in vivo, 
and several patients have been reported in whom dissolution of uric acid 
stones was achieved by this method 77 vivo [48, 49, 84, 466]. Stone growth 
during lemon juice treatment has, however, also been observed [84]. There 
is as yet no sound explanation for its purported beneficial action; large 
quantities of lemon juice may slightly raise the urinary pH [345]. In our 
experience this treatment has been ineffective. 

Probenecid. This potent uricosuric drug has been proposed as a preventive 
measure for uric acid lithiasis and a case has been reported in which ad- 
ministration of this drug apparently prevented new stone formation [46]. 
Continued probenecid treatment, like that with other uricosuric drugs, 
leads in normal subjects to increased uric acid excretion persisting for a 
few days after which it reverts to normal, although the blood uric acid 
level remains lower than the pretreatment level. Considering that most 
patients with idiopathic uric acid lithiasis have a normal serum uric acid 
concentration, it is not clear in which way probenecid can prevent uric 
acid stone formation. Except for this single report, we were unable to find 
in the literature any evidence of a beneficial action of probenecid. Indeed, 
in our experience as in that of others [30, 63, 81, 140, 228], probenecid 
may induce uric acid stone formation in some gouty patients. 

Lithium salts. The addition to urine of lithium salts in high concentration 
causes an increase in uric acid solubility. Lithium salts, when taken by 
mouth, are partly excreted in the urine and treatment by lithium salts 
had been advocated already in 1841. This treatment remained in vogue 
for a considerable period, but was discarded when it became clear that 
even the ingestion of toxic amounts of lithium salts had no appreciable 
effect on urinary uric acid solubility[494). 
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Other approaches to treatment. The most original approaches to the pre- 
vention of uric acid stone formation were recently formulated by Sorren- 
tino [500]. Since tungsten inactivates xanthine oxidase, the enzyme which 
transforms xanthine and hypoxanthine to uric acid, he advocated the ad- 
ministration of tungsten which should lower uric acid production and ex- 
cretion. The injection of live and viable saccharomyces which metabolize 
uric acid was also suggested by the same author, who stated that both 
methods were being tried out in patients with uric acid stones. Experi- 
ments to dissolve the organic matrix of stones, including uric acid stones, 
with trypsin have been reported [194]. 


Treatment in our clinic 


General considerations 
Prevention and treatment of uric acid lithiasis should be guided by the 
following criteria: 


(a) Efficacy: non-recurrence of stones. 

(b) Feasibility: treatment should be relatively simple since the patient 
otherwise will not adhere to the prescribed regime for any length of 
time. 

(c) Cost: in view of the necessity of long-term treatment, it should be 
as inexpensive as possible. 

(d) Non-toxicity: here again the often prolonged periods of time during 
which treatment is required should be taken into account. 


Since we did not find reports of large series of uric acid stone patients 
who received any of the various treatments described above, we were un- 
able to select a $r10ri a treatment in accordance with the criterion of efficacy. 
It seemed to us that treatment by increasing urinary output and alkaliniza- 
tion of the urine by simple measures would most adequately fulfill all 
the other above criteria. Only the test of time could show whether such 
treatment would be efficacious in preventing recurrence of stones. 


Guidance by absence of wric acid crystals 

In considering the criteria by which the treatment of a uric acid stone 
patient could be guided, it would be ideal if the uric acid in the urine would 
be at all times in a state precluding stone formation. As a practical measure 
of adequate treatment we have taken as our criterion the absence of uric 
acid crystals in the freshly voided urinary specimens, assuming that this 
reflects a state in which no uric acid stones are formed in the urinary tract. 
We are well aware that this assumption has no adequate theoretical basis. 
There is no proof that the presence of crystals in the urinary tract is a pre- 
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requisite to stone formation and it is conceivable that, once a stone “nucleus” 
is formed, stone growth might take place in a supersaturated solution, 
uric acid being precipitated on this nucleus directly, without crystals being 
found in the urine. Indeed, if uric acid stone formation is initiated and 
conditioned by a mucoprotein matrix, as maintained by Boyce and his 
associates [71], it might occur even in urine undersaturated with uric acid. 
Nevertheless, we use the criterion of absence of uric acid crystalluria as a 
guide in our treatment, since urine examination for uric acid crystals is a 
simple procedure feasible in a large outpatient clinic, and because this 
principle has been advocated also in the preventive treatment of cystine 
lithiasis [189, 298]. Furthermore, the excellent therapeutic results obtained 
in our first series of uric acid stone patients [22] justified the continuation 
of this policy in our clinic and its application on a larger scale. 

When applying the criterion of absence of uric acid crystalluria, it should 
be kept in mind that uric acid solubility is dependent upon temperature. 
Ideally, therefore, the urinary sediment should be examined at 37º, without 
the temperature of the specimen having dropped temporarily after it has 
been voided. On the other hand, if for practical purposes the urine specimens 
are examined at room temperature, as done in our clinic, the absence of 
uric acid crystals will provide an additional safety margin, in that uric 
acid solubility is higher at the temperature prevailing in the urinary tract. 
Obviously, refrigeration of the urine before examination of the sediment 
might be misleading, since crystals formed at this low temperature, would 
in no way prove their having been present in the urinary tract and re- 
warming the refrigerated urine to room temperature before examination 
does not guarantee dissolution of in vitro precipitated crystals. 


Flwid intake 

One means by which the uric acid concentration in the urine can be 
decreased, is by raising the fluid intake and consequently the urine volume. 
It must be kept in mind that the urinary uric acid excretion increases with 
rising urine output [79, 389, 477] up to a diuresis of 2 ml/min, remaining 
constant at higher urinary excretion rates. However, even when raising the 
urine output to not higher than 2 ml/min, 2.e., 2880 ml per day, a decrease 
in urinary uric acid concentration will result, since the increase mn the 
amount of uric acid excreted is relatively less than the increase in diuresis. 
It is possible that maintenance of a large urine output may have an addi- 
tional beneficial effect, as increasing the urine volume causes a rise in urinary 
pH [47, 169, 402]. 

According to various investigators in patients with calcium stones [331, 
432, 433] and cystine stones [137] fluid intake should be such as to guarantee 
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a minimal urinary output of 2 ml per minute around the clock, %.e. nearly 
3000 ml daily. As has been pointed out by Dent [137] for cystine lithiasis, 
and by Prien [432] and Leadbetter and Engster [331] for nephro-lithiasis in 
general, fluid intake at night is of the utmost importance in ensuring “round 
the clock” diuresis. 

While a diuresis of 3 1 per day may be easily achieved in cool climates, this 
may be extremely difficult in tropical and subtropical areas, such as in the 
Jordan valley and the Dead Sea region and other hot areas of Israel, where 
agricultural workers may have to imbibe 10-15 1 of fluid per day in order to 
void 11 of urine during the hot summer months. Therefore, increasing the 
fluid intake will in general not suffice to prevent stone formation in hot areas 
and will have to be combined with other forms of therapy, such as alkalini- 
zation of the urine. 


Alkalinization of the urine 

It is a difficult question to which degree the urinary pH should be raised 
in order to avoid uric acid precipitation. According to Meyer [432] and 
Haskins [417], the solubility of uric acid in the urine rises steeply at pH above 
6.5-6.8. In their experiments, the uric acid solubility in the urine was 
measured by adding crystalline uric acid to the urine at varying pH. Pre- 
liminary experiments carried out in our laboratory indicate that the amount 
of uric acid which can dissolve in the urine depends, amongst other factors, 
on whether the urine is equilibrated with uric acid or sodium urate [541]. 
Since little is known on the state of uric acid-urate in the tubules, it is as yet 
uncertain whether the results obtained by the above investigations are valid 
as a basis for treatment and prevention of uric acid lithiasis. 

One method by which a reasonably certain therapeutically effective 
urinary pH might be maintained, is by raising it to a very high level, for 
instance to pH 8 or above. At this pH even the large amounts of uric acid 
excreted by hyperuricosuric patients may be soluble. This seemingly easy 
way out is precluded, however, for several reasons. First, many patients are 
unwilling to take the large amounts of alkali required, often, paradoxically, 
because of heartburn. Secondly, metabolic alkalosis is an ever present 
danger, especially in patients whose kidney function is disturbed. Thirdly, 
at these high urinary pH levels, formation of calcium phosphate-carbonate 
and magnesium ammonium stones may take place and nephrocalcinosis may 
develop. 

Loeper and Cottet [120, 345], the French authors, who gave extensive and 
detailed instructions for the treatment of uric acid lithiasis, aim at attaining 
a pH of 6.0-6.5. Henneman et al. advise a pH above 6 [256]. Kittredge and 
Downs [302] advise maintenance of a urinary pH around 7. Other authors 
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who prescribe alkalinization for uric acid lithiasis generally do not mention 
the required pH. 

In our outpatient clinic we have aimed at maintaining a urinary pH of 
6.5-7.0 in accordance with the graphs of Meyer and Haskins. The choice of a 
urinary pH level higher than that aimed at by the above French authors, 
was based upon the consideration that in a hot climate, such as ours, short 
periods of dehydration resulting in very low urinary output and highly 
concentrated urine, are extremely common during the hot summer months. 
This is true even in subjects who take large amounts of fluid and whose total 
daily urine volume reaches 1.5-2 1. In agricultural workers, a urinary ex- 
cretion rate of 0.1-0.3 ml per minute during the warmest hours of the day 
is not uncommon, the larger part of the 24-h urine volume being excreted 
after working hours. The uric acid excretion in such highly concentrated 
urines may attain the excessive values of 150 to more than 250 mg%, [278]. 
It is obvious that under these circumstances a drop of urinary pH to a value 
of 5.4-5.8 will entail the risk of immediate stone formation in subjects who 
have a tendency to uric acid lithiasis. In France with its milder climate, 
such extremes of low urine volume and high urinary uric acid concentration 
are probably encountered less frequently and a urinary pH of 6.0-6.5 is 
apparently sufficiently high to prevent uric acid stone formation. On the 
other hand, since we have no experience with the pH range advocated by the 
above mentioned authors, we can not exclude the possibility that also in our 
patients, a urinary pH of 6.0-6.5 might prevent uric acid stone formation. 

After having followed up our uric acid stone patients, both normo- and 
hyperuricosuric, for prolonged periods of time, examination of thousands of 
specimens of urines passed at all hours of the day, showed that at pH 6.5-7.0 
no uric acid crystals were ever present. 

Since under the regime securing this urinary pH level, we did not encounter 
clinical signs of alkalosis in any of our patients, including those with dis- 
turbed kidney function, and no calcium phosphate-carbonate or triple 
phosphate stones were formed (except for in a few patients, who when first 
seen by us had mixed “infected” stones), we continue to maintain this pH 
level. 

In order to ascertain that in a specific patient the required urinary pH is 
maintained around the clock, we have in the beginning of our study hospi- 
talized all uric acid stone patients and measured the pH of allurine specimens 
voided. This became impractical, however, when the number of our uric acid 
stone patients became very large and therapy had to be started on an 
ambulatory basis. Since in most individuals the lowest urinary pH during 
24 h is found in the night urine, we provisionally assumed that if the urine 
passed on arising in the morning would be devoid of uric acid crystals, 
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probably no crystals would be formed at other times during the day, 
provided alkalinization would be carried out more or less evenly throughout 
24 h. Some individuals, however, have a higher urinary pH during the night 
than at some hours during the day [169]. Furthermore, in subjects doing 
heavy manual work in tropical climates or during the summer months in 
subtropical climates, the lowest urinary pH is often found during working 
hours. In spite of these reservations, periodically checking the treatment by 
examination of pH and sediment of the night urine seemed to be adequate 
when judged by the excellent therapeutic results obtained. 

The question may be raised whether alkalinization of the urine should be 
carried out in patients with mixed uric acid stones. Two complications 
arising out of this therapy were envisaged in such patients. First, the calcium 
salt part of a mixed uric acid stone, remaining after dissolution of the uric 
acid, might move into the ureter and cause acute obstruction. This was never 
observed by us. Secondly, the alkaline milieu might bring about precipi- 
tation of calcium salts which would cause an enlargement of the stone. 
Although in a few patients stone growth may have been due to the alkalin- 
izing treatment, this complication was rare. The overall results justified this 
form of treatment in patients with mixed stones as well. A special problem 
is raised by patients with mixed stones and chronic urinary infection due to 
urea-splitting organisms. In such patients the urinary pH is high and 
alkalinization therapy is of no avail and even contraindicated. 


Diet 

As outlined above and according to the literature, a low-purine diet 
decreases the urinary uric acid and, if the protein intake is limited as well, 
uric acid excretion becomes still lower. We did not think it necessary, how- 
ever, to restrict severely the diet of our idiopathic uric acid stone patients. 
The regular food of our population is fairly low both in purines and proteins. 
Most of the purine-rich foods are eaten very sparingly, if at all, and the 
average diet contains approximately 70 g, and rarely more than 100 g of 
proteins per day. 

Investigation of about 60 normal subjects and about 100 patients with 
idiopathic uric acid lithiasis showed no statistical difference in their urinary 
uric acid excretion and serum uric acid values when on a low-purine diet as 
compared to their regular diet. In a few patients we measured urinary uric 
acid excretion during a restricted protein intake (20 g per day). Though the 
number of patients was too small to permit statistical evaluation, we were 
not impressed with the results and the patients objected to the restrictions 
imposed upon them. Moreover, a decrease of urinary uric acid excretion by 
100-300 mg per day is of slight importance only, when considering the 
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decrease in urinary uric acid concentration achieved by large fluid intake and 
the increase in uric acid solubility obtained by alkalinization. 

The normal diet of our population contains many vegetables, especially in 
the form of salads, and, during the winter season, practically everybody eats 
large quantities of citrus fruits. Therefore, we generally do not advise in- 
creasing alkaline ash foods specifically and, in the few patients in whom the 
influence of an alkaline ash diet on the urinary pH was evaluated, a change of 
0.2-0.5 only was noted. 


Prescriptions and side effects 

When instituting treatment it is of extreme importance to obtain the full 
cooperation of the patient. The patient should receive complete information 
as to the “why”” and “how” in accordance with his mental capacities. He is 
furthermore urged to visit the outpatient clinic at least once every 3 months 
on a prearranged date. This provision is absolutely necessary since experi- 
ence has taught us that patients, when left to themselves, tend to stop treat- 
ment after having felt well for a few months. Such patients may have 
renewed colics due to recurrent stone formation even within two weeks after 
stopping the alkalinization treatment, or worse, newly formed stones may 
grow silently to staghorn-size and the patient returns to the clinic with 
hydronephrosis, chronic infection or even a destroyed kidney from 6 months 
to 2 years later. A urine examination is carried out at each visit to the out- 
patient clinic and the patient, according to the result, is either praised or 
berated. 

The urinary pH and sediment are examined at room temperature, the 
urine having been kept for not more than 2 h after voiding and without 
refrigeration. 


Fluid intake 

We try to induce our patients to drink fluids in amounts ensuring a diuresis 
of at least 2000 ml per day. Those patients whose occupation demands 
strenous physical exercise are told to maximally increase their fluid intake 
during the working hours, especially in the hot summer months when the 
urinary output tends to be very low. The patients are instructed to drink at 
least 2 glasses of fluids before retiring and again in the middle of the night, 
in order to increase the physiologically low urinary flow during the hours of 
sleep. 

Whereas most of the patients do not drink enough to produce a minimal 
urinary output of 2000 ml per day, especially not during the hot summer 
months, practically all increase their fluid intake considerably and conse- 
quently their urinary output. Those patients who complain that they are 
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unable to increase their fluid intake because of abdominal discomfort and 
nausea, are taught to drink small amounts of fluid many times a day. In this 
way, often they are able to achieve a large total intake without unpleasant 
sensations. 

We do not advise any specific type of fluid and leave the choice to the 
patient. However, if the patient desires soft drinks or other calory-rich 
fluids, he is advised to reduce his caloric intake from other sources in order 
to avoid obesity. The patients are allowed to drink tea or coffee freely since 
the purines contained in these beverages are methylated and are not con- 
verted to uric acid in the body [91]. The periodical check up at the Metabolic 
Clinic of patients's 24-h output is performed on the morning of the first 
working day of the week, since only on their day of rest are they prepared to 
collect the urine accurately. We are not certain, however, that these urinary 
collections are always representative of the patients” habitual output and 
often they may exceed it, since they are collected on the day when the 
patients do not work. Moreover, the knowledge that the urinary output will 
be measured on the next day may induce the patient, consciously or uncon- 
sciously, to increase his fluid intake on the day preceding his visit to the clinic. 


Alkalinization of the urine 

Alkalinization of the urine can be carried out by means of various drugs. 
We routinely use the solution described by Eisenberg, Connor and Howard 
[165] consisting of: citric acid 40 g, sodium citrate 60 g, potassium citrate 
66 g, extractum aurantii 6 g, simple syrup ad 600 ml. 

Generally, 15 ml of this solution (15 ml = 1 spoonful) three times daily is 
sufficient for keeping the urine constantly at a pH between 6.5-7.0. Some 
patients, however, need one more spoonful before retiring at night. Very few 
patients require 5 spoonfuls daily, divided evenly throughout the day, the 
last 15 ml to be taken before retiring. We generally prescribe that the drug 
should be taken after meals. Strangely, children of all age groups (from one 
year up) need the same amount of alkalinizing solution but the doses have 
to be divided much more evenly during 24 h. In the youngest age group the 
best results are obtained when 9 x 5 ml are administered every 2 h, the last 
dose as late as possible in the evening and the first dose as early as possible 
in the morning. From the age of 5 years on, the 45 ml may be divided into 
about 5 doses. From the age of 10 years, the usual dosage can be used. It 
should be noted that some children, even very young ones, may need up 
to 60 ml daily. Children like the taste of the solution but, in special cases, 
the extractum aurantii may have to be changed to another flavour. 

Side effects of alkalinization by Eisenberg solution were rare. Heartburn 
and diarrhea could generally be prevented by taking the solution immedi- 
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ately before or during meals or by drinking a glass of milk after taking the 
solution. Diarrhea and very rarely obstipation required additional drugs in a 
few patients. Some patients objected to the taste of the drug and were given 
special capsules containing the salts in the appropriate amounts. Preparation 
of capsules is much more expensive than of the solution. 

In a few patients with unpleasant side effects, 10 ml of the drug with an 
additional 1-2 g of bicarbonate, 3 or more times daily, were generally well 
tolerated. In about Io patients we had to abandon the Eisenberg solution 
and prescribe only 6-8 g bicarbonate daily. Six of these patients complained 
after some time about the large number of tablets they had to swallow and 
asked to try the Eisenberg solution again. To their surprise, this time no side 
effects were noted. 

More serious difficulties were encountered in patients with hypertension 
and on a low sodium diet. In some of these patients the amount of sodium 
citrate in the solution was decreased and, in the presence of normal kidney 
function, the potassium citrate increased. In others the solution was given 
in spite of the hypertension and the blood pressure was measured weekly. 
We had to stop treatment with alkalinizing drugs in three patients because 
of a rise in blood pressure. In none of the hypertensive patients did incipient 
heart failure appear. In patients who had incipient or frank heart failure at 
the time of their first visit to the clinic, the amount of sodium citrate in the 
solution was halved and potassium citrate added, more attention was paid to 
dietary restriction of salt, and diuretics were added or increased. In none of 
these patients did we have to stop alkalinizing treatment completely. In 
some of these patients, a urinary pH of 6.0-6.5 was maintained. In a few 
patients with severe renal failure, additional sodium citrate was substituted 
for potassium citrate. 

Seven male patients complained of impotence whilst taking the Eisenberg 
solution. Substitution of one third of the sodium citrate by potassium citrate 
eliminated this side effect. 

Loeper and Cottet [120, 345] used another method for obtaining the 
required urinary pH. For a period of 10 days piperazine (diethylene diamine), 
which is not an alkalinizing drug but increases the solubility of uric acid, is 
administered. Then sodium bicarbonate is given for 10 days followed by 
lemon juice for another 10 days. This pattern is repeated indefinitely. More- 
over the patient is instructed to drink daily 300-500 ml of Vichy-water, or 
some similar medicinal water, having a slight alkalinizing action on the urine. 
We see no particular advantages in this system and it seems to us that it is 
more cumbersome for the patient than habitually using only one drug or one 
combination of drugs. 

Patients with mixed stones and high urinary pH due to chronic infection 
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TABLE 38 
Years of follow-up of patients with uric acid lithiasis (Be- 
ginning 1956-beginning 1962) 


AU Patients 
Disease patients im 
registered | follow-up 11 1-2 
Uric acid lithiasis 213 I4I 7 50 
Idiopathic 158 100 6 87 
Gouty 55 41 1 I3 


* Patients who did not come for follow-up examination 
after instituting treatment. 
** Patients who have not come yet for their first control 
visit to the clinic after having started treatment. 
*** The patients who died had been in follow-up during a 
variable number of years, but are not included under 
“years of follow-up”. 


with urea-splitting organisms, should not be treated by alkalinization of the 
urine. Only after the infection has been eradicated, and the urinary pH 
returns to normal, should alkalinization be started. 


Diet 

We advise our patients with idiopathic uric acid stones to abstain only from 
purine-rich foods such as chocolate, anchovies, liver, brain etc. If the patient 
does not overindulge in protein-rich foods such as meat, fish and cheese we do 
not impose any abstention. Gouty patients are put on a stricter low-purine diet. 


Results of treatment 


The overall results of treatment were excellent. In many patients growth of 
pre-existing stones and formation of additional stones could be prevented. 
Proof that the favorable course was directly related to the treatment was 
chiefly furnished by those patients who, after a certain period of time during 
which no signs or symptoms related to the urinary tract had been present, 
stopped the treatment and experienced recurrence of stones, sometimes 
within a few weeks. Some patients did not have colics after discontinuing the 
treatment, but silent stone formation and growth took place. 

The follow-up period in our patient material is shown in Table 38. 

The period of follow-up was relatively short in most patients, only 24%, 
having been followed up for more than 3 years. 20% of the patients did not 
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Years of follow-up Nr. Follow-up 
follow- < +  Diedtt+ 
2-3 3-4 4-5 = 6 up* year** 
33 31 12 8 42 23 4 
24 20 8 5 33 20 Epi 
9 II 4 3 9 Ed 


**** Two patients died in uremia, one of cancer, one of 
subacute bacterial endocarditis, one of myocardial in- 
farction. 

***** Both patients died of myocardial infarction. 


return after beginning the treatment. The death of 2 of the 7 patients who 
died was caused by the kidney stone disease (Cases Nos. 10 and 31). 

In order to evaluate the results of treatment, we classified our patient 
material into 4 groups according to criteria of stone expulsion before treat- 
ment was instituted. Some aspects of special interest, such as the effects of 
treatment on kidney damage and roentgenological findings, and the disso- 
lution of large stones, will be discussed separately. 


Stone expulsion 

Patients who expelled stones continuously. These are patients who regularly 
and continuously expelled large numbers of stones, mainly small ones and 
sand. In all patients of this group the disease had been present for at least 
half a year before treatment was instituted. Some of them voided hundreds 
of small stones monthly, most of them with colics. Some patients had even 
lost their jobs since the frequency and severity of the colics precluded 
regular work. Many patients had suffered for years. Only a few patients had 
experienced free intervals, but had expelled stones continuously during 
long periods of time. 

It is observed in Table 39 that 28 out of the 32 patients who persisted in 
treatment, did not form stones during the period of follow-up, which, on the 
average, was nearly two and a half years. These results are the more remark- 
able since nearly all these patients had not experienced a single month 
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TABLE 39 


Results of treatment* in patients who regularly expelled 
large numbers of uric acid stones 


Continuous 
treatment 
Composition 
Disease of Continuation of 
stones Number of stone expulsion 
patients for > 4 year 
= E 
Uric acid lithiasis 32 28 4 
Idiopathic Pure II TE 
Mixed I4 I2 2 
Gouty Pure E 5 
Mixed 2 z 


* Follow-up ranging from 1 to 6 years. 


without colics and/or expulsion of stones before treatment was started. 

In most ofthe patients with pure uric acid stones, colics and stone expulsion 
was terminated within one month and often within 1-2 weeks, sometimes 
within 3 days, after the beginning of treatment (Case No. 23). 


Case No. 23. Z.S., a 57-year old bookkeeper, born in Russia, immigrated to 
Israel in 1932; father of one child, was admitted in 1958. His sister suffers from 
uric acid stones proven in our laboratory. His daughter had uric acid crystalluria 
but has had no clinical symptoms of urolithiasis. In 1955, the patient began to 
suffer from dysuria. Shortly afterwards he started to void numerous smooth 
small reddish stones and large amounts of sand. Until admission he voided 
hundreds of small stones weekly without any quiescent period. He never had 
joint pains. 

Physical examination was essentially negative. Examination of the morning 
urine showed a low pH, 4.8-5.1. There was no albuminuria. Uric acid and calcium 
oxalate crystals were found in large numbers in the urinary sediment. The stones 
and the sand were found to be composed of pure uric acid. Serum uric acid was 
4.1-4.6 mg%, the 24-h urinary uric acid excretion on a low-purine diet was 
390-550 mg. Urea clearance was 90% of normal. Other laboratory examinations 
were normal. 

Alkalinizing treatment was instituted and after only four days, the voiding of 
stones and sand ceased completely. For nearly three years the patient adhered 
faithfully to the prescribed treatment, his urinary pH being kept at 6.5-7.0, and 
he was completely free from symptoms. At the end of this period he regarded 
himself cured and discontinued the alkalinizing drug, whereupon the urinary pH 
promptly dropped to 4.9. Four days later sand reappeared in his urine and on the 
fifth day, he voided several small stones. On reinstitution of the treatment, the 
urine became clear and stone expulsion ceased within 3 days. 
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Treatment 
discontinued** 
Recurvrence 
Average number Average number 

of years of RO e dação of years of 
follow-up di E follow-up 

2.4 8 8 3.5 

2.6 5 5, 3.4 

> I I 4 

2 I I 4 

4 I I 3 


** Of patient's own accord. 


In patients with mixed stones, the time between institution of treatment and 
freedom from complaints was generally longer, mostly up to half a year, 
until all, or most of the stones, in the urinary tract were dissolved or ex- 
pelled. The difference in the duration of treatment until freedom from com- 
plaints had been achieved, between patients with pure uric acid stones and 
those with mixed stones may be explained as follows. In both types of 
patients, uric acid stone formation probably stopped immediately after 
alkalinization of the urine. In the group with pure uric acid stones, the stones 
present in the urinary tract were either expelled or dissolved within a short 
time. This conforms to experiments in vitro, which showed that small uric 
acid stones disintegrate and dissolve within 1-2 weeks when placed in an 
alkaline medium [74]. In patients with mixed stones, however, the calcium 
part of the mixed uric acid stones is not dissolved and until all stones have 
been expelled, they continue to experience colics and void calcium concre- 
ments. During the first few months of treatment some of these patients 
noticed every now and then when voiding, a “gritty” feeling in the urethra 
or, occasionally, they voided whitish sand which was found to be composed 
of calcium salts. In a few of these patients with mixed stones, however, 
cessation of stone expulsion and complete relief of pains occurred within a 
short time after beginning of treatment, probably as a result of disintegration 
in vivo of the calcium salt part of the stones after their uric acid content had 
been dissolved. In some patients, repeated X-ray examinations showed that 
many small or medium-sized mixed stones had disappeared, although the 
patient had not noticed having voided them. 
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TABLE 40 
Results of treatment* in patients who expelled a few uric 
acid stones yearly 


Continuous 
treatment 
Composition 
Disease of Continuation of 
stones Number of | stone expulsion 
patients for > 4 year 
=s aE 
Uric acid lithiasis 13 ES 
Idiopathic Pure 6 6 
Mixed 4 4 
Gouty Pure 2 2 
Mixed I I 


* Follow-up ranging from 1 to 6 years. 


The gratitude of the patients belonging to this group was extraordinary. 
Nearly all of them had previously tried out a host of remedies and diets, 
whether on advice of their physician or on that of quacks, all to no avail. 
They were especially impressed by the simplicity of the treatment and the 
rapidly obtained and complete relief. 

There were 4 patients who continued voiding stones for more than half a 
year in spite of continuous therapy. One had several large stones and one 
huge stone, all of them mixed. This patient is still under treatment. The uric 
acid part of his stones is slowly dissolving, calcium salt fragments being 
expelled intermittently. His previous frequent voiding of small pure and 
mixed uric acid stones has ceased and repeated X-ray examinations have 
shown marked decrease in size of the stones. It is to be expected that in this 
patient stone expulsion will continue for some time, but possibly a few large 
stone fragments, consisting of calcium salts, may require surgical removal 
in the future. The second patient, who has gout, is a marked hyperexcretor 
of uric acid and, due to intermittently inadequate fluid intake, his urinary 
uric acid concentration sometimes reaches extremely high levels. Neverthe- 
less, stone formation and expulsion has diminished considerably during treat- 
ment. In the third patient, who has chronic pyelonephritis with unstable 
urinary pH, stone formation has diminished but did not cease completely. 
The fourth patient is described below. 


Case No. 24. C.H., a 47-year old, German-born tractor driver, immigrated to 
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Treatment 
discontinued** 

Average number Number of nie de o Average number 
of years of udtes of years of 
follow-up po e follow-up 

DE 4 I 3 2.25 
I.5 I I 3 
2.75 3 I 2 2R 
3 

3 


** Of patient's own accord. 


Israel 16 years ago, married and father of 3 children, was sent to our Medical 
Department for investigation on 25.1.1957 because of repeated renal colics and 
voiding of stones. Both his family and his past history were irrelevant. 

His present illness started in 1949 with repeated bilateral colics. Stones were 
expelled intermittently. During the course of his illness the number of colics and 
the number of stones expelled increased considerably. For a year previous to his 
admission, he had expelled at least one stone weekly and was practically unable 
to work. There had been several attacks of acute pyelitis and several episodes of 
anuria, lasting often for several days. 

Physical examination showed left-sided flank tenderness. The daily urinary 
output was 500-1000 ml, the maximal specific gravity 1022, the pH 5.3-5.4. 
There were no albuminuria and no abnormal findings in the urinary sediment. 
The daily urinary uric acid excretion on a low purine diet was up to 1420 mg. 
Calcium and phosphorus excretion were normal. The urea clearance and blood 
urea were normal. The serum uric acid was 4.35-5.2 mg%, serum calcium 
9.1-10 mg% and phosphorus 3.0-3.6 mg%. A stone voided, consisted of pure 
uric acid. 

On a plain abdominal film the kidneys were seen to be studded with dense and 
partially translucent shadows, most of which were about 1 x 1 cm in size. The 
stones seemed to be situated in the renal pelves and calyces, and to be embedded 
as well in the renal parenchyma. No diffuse renal calcification was noted. In- 
travenous pyelography confirmed the above findings and disclosed in addition 
a number of translucent stones of about the same size as the calcified stones in the 
pelves and calyces. 

The patient was treated by alkalinization and increased fluid intake and 
antibiotics. Since his uric acid excretion was often above the upper limits of 
normal, he was also instructed to abstain from purine-rich food. Whilst during 
the first two weeks of treatment, renal colics and expulsion of both pure and 
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mixed uric acid stones continued, their frequency markedly diminished over the 
next two weeks, after which time the urinary symptoms completely ceased. 
X-ray examination after half a year showed the same calcified stones which had 
been noted previously, but no filling defects. The urine was sterile and the pH 
was 6.0-6.2. The patient was instructed to increase both the amount of alkalin- 
izing drug and his fluid intake. During the next half year several 1 x I-cm stones 
were expelled which were found to be thin, hollow shells of calcium phosphate 
and carbonate. Apparently, the main inner part, uric acid, had been dissolved by 
the alkaline urine, the pH of which was now 6.7-7.0. The patient continued to 
void similar stones at rare intervals and sometimes whitish “sand”. A further 
roentgenogram, one and a half years after the first hospitalization, showed that 
the number of dense shadows in the renal parenchyma had decreased consider- 
ably. He had no further colics for the next half year and no stones were expelled. 
After that the patient several times stopped treatment of his own accord. 
Each time and within a few days after cessation of therapy, red sand appeared 
in the urine and sometimes this was accompanied by colics. The urinary pH was 
found to be low and loaded with uric acid crystals. Recommencement of alkalini- 
zation resulted in uric acid crystal-free urine within 48 h. During the last two 
years, the patient has been free from symptoms and has resumed his work. 


Eight patients did not persist in treatment. They had been free from symp- 
toms during at least one year, and some even for three years, whilst they 
adhered to the prescribed regime. They stopped treatment against our 
advice, believing that they had been cured. Promptly, stone formation took 
place and within one month, most of them began to void stones, while in 
some colics recurred within one week. Treatment was reinstituted and the 
symptoms disappeared. In two of these patients, who had voided only pure 
uric acid stones before alkalinization of the urine was prescribed, recurrent 
stone formation after discontinuation of treatment was accompanied by 
urinary tract infection and the stones voided were found to be mixed stones. 
With renewed treatment and shortly after cessation of stone formation and 
expulsion of all stones present, the infection cleared up spontaneously. 

The patients who discontinued treatment constitute an important, though 
unintended, control group for the evaluation of the efficacy of alkalinization 
treatment, since most of them had not reduced their daily fluid intake. In 
addition they provide a strong argument for the necessity of indefinite 
continuation of alkalinization in this type of patient. 

Patients who expelled a few stones yearly. These are patients who expelled 
an average of two to four stones yearly during many years. Many of them 
had experienced long periods of quiescence, interspersed with short or long 
periods of active stone formation (Table 40). 

The results of treatment in these patients were similar to those in the 
previous group, though less striking, since colics and expulsion of stones had 
been much less frequent before treatment was started. Four patients did not 
persist in the treatment and of these, three had recurrence of stones. Since in 
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these patients there occur long periods of quiescence of stone formation, 
caution is indicated in evaluating the results in this group. The periodicity 
of the clinical manifestations of their stone disease is exemplified by our 
observation of one patient who for a follow-up period of more than one year 
after having stopped treatment had no recurrence of stones. 

Patients who expelled periodically a few stones in the course of many years. 
This third group of patients was characterized by the periodic formation of a 
few uric acid stones, interspersed by long quiescent periods. At the time of 
their first visit to our clinic, all the patients in this group were active stone 
formers. Although the period of follow-up in these patients is far too short to 
permit firm conclusions to be drawn, the results of the treatment in this 
group seem convincing (see Table 41). Patients who adhered to the pre- 
scribed treatment had no recurrence of stones within the follow-up period, 
whereas 7 out of q who discontinued treatment, experienced recurrence of 
stones. Reinstitution of treatment in these 7 patients was again followed by 
cessation of stone formation. The fact that so many of those who persisted in 
treatment did not form stones, may be cautiously interpreted to signify the 
beneficial effect of urinary alkalinization, since, according to the history of 
these patients, a much higher recurrence rate might have been expected. 

Patients who had never expelled stones. This group of patients, though 
difficult to evaluate as regards results of treatment according to the criterion 
of stone expulsion, nevertheless demonstrated its efficacy very well. They 
were characterized by the fact that to the best of their knowledge, they had 
never expelled any stones. Nearly all had suffered, however, from colics. In a 
few of them, attention had been drawn to the urinary tract by macroscopic 
hematuria or signs of acute pyelitis. The diagnosis of uric acid stones, pure 
or mixed, was based mainly on the X-ray findings and other indirect 
evidence as outlined in Chapter 8. In a few patients the diagnosis had 
been confirmed by examination of surgically removed stones. Relatively 
many of the patients in this group had large stones. 

It is quite possible that some of the patients in this group had forgotten 
that they had expelled stones in the past. Queer as this may seem, we know 
from experience that this may occur. Whereas the insufferable pain of the 
severe colic remains ineradicably etched in the patient's memory, the passing 
of small stones may slip his mind. Some patients pass small stones without 
being aware of it and the history taken from very primitive patients may not 
be reliable. 

Evaluation of the results of treatment in these patients demanded cri- 
teria other than cessation of stone expulsion. Here we were guided mainly 
by the presence or absence of renal colics and by repeated X-ray exami- 
nation. 
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TABLE 41 


Results of treatment* in patients who expelled periodically 
one or a few uric acid stones over the course of many years 


Continuous 
treatment 
Composition 
Disease of Continuation of 
stones Number of stone expulsion 
patients for > à year 
Uric acid lithiasis 32 32 
Idiopathic Pure (o) 9 
Mixed I2 I2 
Gouty Pure IO IO 
Mixed I I 


* Follow-up ranging from 1 to 6 years. 
** Of patient's own accord. 


Of the 50 patientsin this group (Table 42) good results were obtained in the 
41 who persisted in treatment according to the above criteria. Their colics 
ceased and/or large stones disappeared or became smaller, as demonstrated 
by X-ray examination. In some patients with large mixed stones, colics 
ceased but no changes were noted in the roentgenogram. We surmise that 
previous to treatment, these patients had formed small stones or sand and 
that they had not been aware of having voided stones. 

Other patients in this group began to their dismay to expel stones a few 
weeks or months after having started treatment. All these patients had had 
large or medium-sized stones which became smaller or disintegrated into 
several pieces and descended into the ureter. Stone expulsion continued until 
all the stones had been dissolved and/or expelled. In most of these patients, 
this process lasted less than a year. Because of the danger of acute hydro- 
nephrosis, they were requested to visit the clinic frequently during this 
period. This complication, however, was not observed. In a few patients 
medium-sized shadows of calcified material remained in the renal pelvis and 
these will probably have to be surgically removed at some future time. 

The patients who began to expel stones after institution of treatment posed 
difficult psychological problems in doctor-patient relationship. When stone 
expulsion commenced, they were deeply distressed and it often took much 
explaining and persuasion to induce them to continue the treatment. 

Of'the 9 patients who stopped treatment after initial improvement, 8 had 
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Treatment 
discontinued** 
Recurvence 
Average number Number of one Average number 
of years of adienio of years of 
follow-up = + follow-up 
2 9 2 7 3.1 
I.6 4 4 21 
I.9 4 I É) 3.3 
23 I I 4 
3 


recurrent colics and new stone formation or growth and additional calcifi- 
cation of existing stones took place. 

The following two case reports are representative of such patients, one 
expelling stones for the first time after having commenced treatment, the 
other reforming a stone after discontinuation of treatment. 


Case No. 25. H.J., a 38-year old, German born, driver, father of three healthy 
children. He immigrated to Israel in 1934. The family history was negative for 
urolithiasis and gout. The patient's stone disease manifested itself for the first 
time at the age of 31 when he experienced left-sided colics and hematuria. X-ray 
showed severe left hydronephrosis due to a ureteral stone and left uretero- 
lithotomy was performed. At the age of 35 left-sided colics reappeared, and at the 
age of 37 the right side became involved. In addition he had signs of recurrent 
bilateral pyelitis. He had not expelled stones during those years. There were no 
signs or symptoms of gout. At the age of 38, the patient was sent to us for 
investigation. 

Physical examination was negative except for bilateral flank tenderness. 
Examination of the urine showed a pH of 5.0-5.3 and uric acid and calcium 
oxalate crystals and many leukocytes in the sediment. A urine culture grew 
Proteus vulgaris. The urea clearance was 92% of normal, the serum uric acid 
4.2-5.3 mg% and the 24-h urinary uric acid excretion on a low-purine diet was 
385-470 mg. Roentgenological examination of the urinary tract showed a stone, 
casting a dense homogenous shadow in the right renal pelvis and a few partially 
calcified stones in the left renal pelvis. There were no signs of stasis. The diagnosis 
of mixed uric acid stones was made and appropriate treatment instituted. After 
four months of intensive treatment, 11 small stones, up to pea size, were expelled 
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TABLE 42 
Results of treatment* in patients who had never expelled 
stones 
Continuous 
treatment 
Composition 
Disease of Recurvence 
stones Number of of stones*** 
patients 
= E 
Uric acid lithiasis 41 41 
Idiopathic Pure 7 7 
Mixed 18 18 
Gouty Pure I2 I2 
Mixed 4 4 


* Follow-up ranging from 1 to 6 years. 
** Of patient's own accord. 


in one day. Some of the stones were composed of pure uric acid and others were 
mixed with calcium salts. Repeated urography performed one and a half months 
after expulsion of the stones showed a normal left kidney. The stone in the right 
kidney had not changed. A short time afterwards the patient died of a myocar- 
dial infarction. Permission for autopsy was not obtained. 


Case No. 26. A.M., a 53-year old Polish-born teacher, father of one healthy 
child, immigrated to Israel in 1930. His father suffers from uric acid lithiasis 
proven in our laboratory. His mother suffered from renal stones of undetermined 
composition. His brother was twice operated for renal stones at the age of 3 and 7. 
He was examined by us at the age of 41 and a partially calcified stone was found. 
The patient started to suffer from urolithiasis at the age of 26 when he experi- 
enced right-sided colics and voided reddish sand. From that time on he had 
attacks periodically of right sided colics, interspersed with periods of complete 
freedom from complaints. At the age of 33, he was advised to increase to the 
maximum his fluid intake and during the subsequent 20 years he had no urinary 
symptoms. In 1958 severe right-sided colics reappeared accompanied by bouts 
of high fever and other signs of acute pyelitis and the patient was sent to our 
department. He had never experienced any joint pains. Intravenous urography 
showed a fairly large filling defect in the right ureter and marked hydronephrosis. 
The urinary pH was 5.2. Many uric acid and calcium oxalate crystals were found 
in the urinary sediment, as well as signs of urinary infection and hematuria. 

Since excretion of contrast material by the right kidney was satisfactory, 
alkalinizing treatment was instituted and antibiotics were administered. Both 
the number and severity of the colics decreased, ceasing completely after 2 
months. Repeated urography, 5 months after beginning of treatment, showed a 
normal urinary tract. 
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Treatment 
discontinued** 
” Recurrence 
dee Number of of stonest** Average number 
foii : patients gi gears DF 
ollow-up a e follow-up 

DRT 9 I 8 BR) 
2 I I I 
ES 5 5 Deda 
255, 3 3 2.7 
1.75 


*** [or explanation see text, page 194. 


For two years, the patient continued the treatment and was in perfect health. 
At the end of this period he discontinued treatment of his own accord. After 
four months, he came for a check-up to the outpatient clinic. Many leukocytes 
were found in his urinary sediment and X-ray examination showed a medium- 
sized, partially calcified stone in the left renal pelvis without hydronephrosis. 


Overall results 

The overall results in these 4 groups of patients are summarized in Table 43 
compiled from Tables 39-42. 

In 96.6% of the rI8 patients who continued treatment, no new stones 
were formed during an average follow-up period of 2.2 years. On the other 
hand, 86.7% of the 30 patients who discontinued treatment had recurrence 
of stone formation during an average follow-up period of 2.8 years. In these 
latter 30 patients, good results had been obtained before they discontinued 
thetreatment, andinall, reinstitution of therapy was followd by improvement. 
As will be seen below (see Dissolution of uric acid stones, page 204,) in 12 out 
of the 1I8 patients who persisted in treatment the stone or stones did not 
disappear, but some of them may be considered to have improved, since no 
additional stones were formed. 

There were no marked differences between the results of treatment in the 
patients with pure and with mixed stones, or between the gouty and the 
nongouty patients. The latter is fairly remarkable since, in nearly all the 
gouty stone patients, treatment with uricosuric drugs, mainly probenecid, 
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TABLE 43 
Overall results oftreatment* in patients with uric acid lithiasis 


Continuous 
treatment 
Composition 
Disease of Recurvence 
stones Number of of stones 
patients 

=— Ei 
Uric acid lithiasis 118 II4 4 

Idiopathic Pure 33 38 
Mixed 48 46 2 

Gouty Pure 29 29 
Mixed 8 6 2 


* Follow-up ranging from 1 to 6 years. 
** Of patient's own accord. 


was instituted at the time treatment of the urolithiasis was started. This 
might indicate that the treatment prescribed was adequate even when large 
quantities of uric acid were excreted daily in the urine. 

It is important to consider the “psychological failure” rate in the uric acid 
stone patient follow-up. Of the total number of 213 uric acid stone patients, 
23 had not yet had their first follow-up examination (see Table 38). Of the 
remaining 190, 42 did not return for follow-up examination even once. When 
adding these to the 30 who had started treatment but did not persist, 72, 
i.e. 37.9% Of the 190 patients had not followed our advice. We are not able to 
evaluate how many of these patients would have commenced or/and per- 
sisted in treatment if our attitude would have been more convincing. 


Kidney damage 

As shown in Chapter 6, a high percentage of our patients with uric acid 
stones had kidney damage. In many patients continuous treatment with 
alkalinizing drugs and large fluid intake resulted in improvement of kidney 
function when assessed by the urea clearance. 

It is noted in Table 44 that a pretreatment urea clearance of below 50% 
returned to normal during treatment in 25 out of 36 patients. Of these, 16 out 
of 20 patients had idiopathic uric acid lithiasis and 9 out of 16 patients had 
gout and uric acid lithiasis. In 12 of the 25, the improvement took place 
already during the first year of treatment. All the patients with gout were 
treated with probenecid as well and the improvement in kidney function was 
undoubtedly partly due to this factor since, both in our experience and in 
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Treatment 
discontinued** 
R 
Average number Number of Rs Average number 
of years of : of years of 
patients 
follow-up Tua ab follow-up 
Pao 30 4 36 Pato) 
2.0 II I IO 2.9 
2.0 13 2 II 2.7 
DRA, 5 I 4 3.2 
2.6 I I 3 


that of others [418], impaired renal function in nonlithiasic gouty patients 
may also improve during treatment with probenecid or other uricosuric 
drugs. The overall results of treatment in the gouty uric acid stone patients 
were somewhat less striking than in those with idiopathic uric acid lithiasis. 
This is probably due to the gout. In a few of the II patients who showed 
no improvement in kidney function during treatment, deterioration took 
place. 

There were no differences in improvement in urea clearance between 
patients with pure uric acid stones and those with mixed stones, and treat- 
ment was efficacious irrespective of size of the stones. On the other hand, 
improvement in kidney function was found to be closely related to improve- 
ment in chronic urinary tract infection. Most of the patients with kidney 
damage had chronic infection before treatment was started. Chronic urinary 
tract infection was suppressed during treatment in 80% of those in whom 
kidney function improved, whilst it was suppressed in only 10% of the 
patients whose kidney function remained stationary or deteriorated. In some 
of the latter the infection became more pronounced during the course of 
time. Lack of improvement of kidney function was also closely related to 
the continued presence of stones in the urinary tract. In only one patient of 
the group with nonimproved kidney function, the lack of improvement could 
be attributed to discontinuation of treatment. 


Uvrinary tract infection 
As has been pointed out in Chapter 6, chronic urinary tract infection with 
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TABLE 44 


Effect of treatment on urea clearance in patients with uric 
acid lithiasis*, whose pretreatment urea clearance was less 


than 50% 
Composition Patients 
Disease of with urea Number of 
stones clearance patients 
< 50% 
Uric acid lithiasis 36 25 
Idiopathic Pure 7 6 
Mixed 13 IO 
Gouty Pure I2 6 
Mixed 4 3 


* Only those patients who were at least one year in follow- 
up and in whom repeated urea clearance was performed. 


its attendant destruction of the renal parenchyma is one of the most serious 
complications of urolithiasis. 

All the patients with chronic infection received antibiotics in various 
combinations most of them according to sensitivity tests of the bacteria 
cultured from the urine. In many patients the bacteria, particularly the 
Proteus group, were completely resistant to all antibiotics. In these cases no 
treatment was given until new antibiotics appeared such as kanamycin. 

In assessing the results of treatment on chronic urinary tract infection, the 
patients were regarded as “improved” according to the following criteria: 
absence of acute attacks of pyelitis or pyelonephritis, absence of bacteria and 
of an abnormally large number of leukocytes or clumps of leukocytes in the 
urinary sediment, sterile urinary cultures. 

The effect of treatment on chronic infection is shown in Table 45. It is 
observed that in about half of the patients —43 of 79—suppression of the 
chronic infection was successful. The group which responded least was that 
with idiopathic uric acid lithiasis and mixed stones, in which only 18 out of 
42 improved. Whilst searching for an explanation of the differences in re- 
sponse of the infection to treatment, it was found that most of the patients 
whose infection had not been suppressed, had large stones. Previous kidney 
damage did not seem to play a decisive role in the response to treatment 
except in the 3 patients who had severe chronic uremia. A marked corre- 
lation was found between lack of response of infection to treatment and 
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Improved** Not improved 
Time in years after Time in years after 
beginning of treatment Number of beginning of treatment 
patients 
T 2 5) 4 T 2 5) 4 
I2 6 6 I II 3 3 2) 3 

2 3 I I I 
6 3 I 3 2 I 
3 I 2 6 2 I I 2 
I 2 I I 


** Urea clearance rose to above 70%. 


continued presence of stones or new stone formation. In nearly all patients 
in whom infection was improved, the urinary tract had become free of 
stones, which had been either expelled or dissolved or removed at operation, 
no new stone formation having taken place. On the other hand, in most of 
the patients with continued chronic urinary tract infection, the stones 
present remained unchanged or grew and, in some of these patients, addition- 
al stones were formed. 

Chronic infection due to bacteria resistant to all antibiotics had been 
present in some patients whose infection eventually improved, though much 
more frequently in those whose infection was not suppressed. Improvement 
of infection due to resistant bacteria was always associated with disap- 
pearance of stones. Chronic infection remained constant in 5 patients in 
whom the urinary tract had become free from stones. Nearly all patients in 
whom infection had improved had faithfully followed instructions as to 
treatment, whereas about one third of the patients with persistent infection 
had discontinued treatment of their own accord. 

It is curious and unexplained that alkalinization of the urine by urea- 
splitting organisms was not found to suppress new stone formation or to 
dissolve uric acid stones, whereas therapeutic alkalinization of the urine in 
patients with non-infected urine, or with chronic infection due to organisms 
which do not raise the urinary pH, was generally effective. In those patients 
whose urinary pH is high due to infection with urea-splitting organisms, 
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TABLE 45 
Effect of treatment on chronic urinary tract infection in 
patients with uric acid lithiasis 


Composition AU patients 
Disease of with 


: Number of 
stones chronic Ê 
infection dar] 
Uric acid lithiasis 79 43 
Idiopathic Eure I9 I2 
Mixed 42 I8 
Gouty Pure I4 9 
Mixed 4 4 


* For criteria see text. 
** The year in which the urine became non-infected. 


attempts to further raise the urinary pH by alkalinizing drugs are mostly 
not successful and prevention of stone formation, and stone dissolution, are 
not achieved. Moreover, patients with high urinary pH due to infection, tend 
to calcify previously translucent uric acid stones quickly. Therefore we 
regard as candidates for surgery all patients with medium-sized or large 
partially calcified uric acid stones, who have chronic infection of the urinary 
tract due to urea-splitting bacteria, resistant to all antibiotics. 


X-ray findings 

The good results obtained, as gauged by nonrecurrence of stone formation 
and colics and by improvement of urea clearance, were reflected in the disap- 
pearance of previous pathological X-ray findings, as detailed in Table 46. 
The stones had been removed surgically in 10 of the go patients with ab- 
normal X-ray findings (detailed in Chapter 7) in whom adequate roentgen- 
ological follow-up of at least one year was available. Out of the remaining 80 
patients, 50 showed complete disappearance of the pathological findings. 
Mixed stones, visible on plain film, as well as translucent stones visualized as 
filling defects, had been expelled and/or dissolved, previously hydronephrotic 
kidneys showed normal pelves and formerly invisible calyces were now 
clearly outlined on intravenous urography. Nearly all patients who had 
shown lack of excretion or extremely faint excretion on intravenous uro- 
graphy showed on follow-up normal concentration of contrast material. In 
the 10 patients whose roentgenograms had become normal after the stones 
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Improved* 


Not improved 


Time in years after 
beginning of treatment** 


Time in years after 
Number of beginning of treatment*** 
patients 


T 2 Sj 4 T 2 5) 4 
26 I2 3 2» 36 I3 15 4 4 
IO 2 7 4 2 I 
9 6 2 I 24 A I2 3 2 
5 3 I 5 2 I 2 
2 I I 


*** Number of years during which the patients were in 


follow-up. 


had been surgically removed, no recurrence of stone formation had taken 
place during the period of follow-up. Six of the patients whose urography had 
become normal, had renewed stone formation with reappearance of patho- 
logical X-ray findings, when they discontinued treatment of their own accord. 

A further 12 of the go patients with pathological X-ray findings showed 


TABLE 46 


Effect of treatment on X-ray findings in patients with uric 


acid urolithiasis* 


Before treatment 


Disease 


AU patients 
with abnormal Normal | Improved No change 


X-vay findings 


Uric acid lithiasis 
Idiopathic 
Gouty 


go 60 12 
68 ATA II 
ne I6 I 


* Only patients with adequate roentgenological follow-up of at least one year 


were included. 


** Including 10 patients in whom stones had been surgically removed. 
*** 6 of these patients had later renewed stone formation with pathological 


X-ray findings due to discontinuation of treatment. 
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TABLE 47 


Dissolution of stones im patients with uric acid lithiasis by 
alkalinizing treatment and high fluid intake 


Composition o : 
g if Size of stones 


Number stones 
of - — — 
patients Pure Mixed Medium | Large 
Complete 
dissolution I5 6 (o) (o) 6 
Partial 
dissolution TE 2 6 6 


improvement due to partial dissolution of stones. Seven patients showed no 
change on X-ray. Three of them had not persisted in treatment. The others 
all had large mixed stones and chronic infection due to urea-splitting 
organisms. 

In the remaining 11 patients deterioration was notedin the roentgenogram. 
In one patient additional stones were found, in 7 the stones had increased in 
size, and in 3 patients translucent pure uric acid stones had become calcified. 
Three of these 11 patients had not followed instructions as to treatment. 
All the others had chronic urinary infection with urea-splitting organisms 
and some had chronic uremia. 

Both gouty and nongouty patients responded equally well to treatment 
when judged by X-ray findings. 


Dissolution of uric acid stones 

Dissolution of uric acid stones has been mentioned in the literature, but 
only a few cases have been reported in detail in the recent literature available 
to us [20, 48, 49, 113]. The first of our patients m whom the attempts at 
dissolution of a large uric acid stone was crowned with success has been 
published in 1959 [20]. Since then we have tried to dissolve medium-sized or 
large uric acid stones in many patients, often with gratifying results. In due 
time, we learned to differentiate between patients in whom conservative 
treatment seemed justified and may be expected to lead to dissolution of 
the stone(s) and those patients in whom administration of alkalinizing drugs 
was not only of no avail but might actually cause further deterioration. 
These latter patients should be operated upon without delay. 

Table 47 shows the results of conservative treatment in patients with 
medium-sized and/or large stones. In 15 patients conservative treatment was 
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Chronic infection Kidney damage 
urea cleavance < 50% Recurrence 
Before After of 
treatment treatment Before After stones 


treatment treatment 


IO I 6 3 


completely successful in dissolving pure and mixed stones. In a further 12 
patients partial dissolution was achieved. Some of the latter patients had 
mixed stones with a large amount of calcium salts which initially became 
smaller but afterwards showed no further reduction in size. No further 
dissolution and disintegration of these calcified stones is to be expected. In 
the other patients whose mixed stones contain far less calcium, further 
dissolution may take place during continued treatment. 

None of the 6 patients with medium-sized or large pure uric acid stones 
which dissolved completely, reported expulsion of stones during treatment; 
a few patients voided reddish sand from time to time. It must be taken into 
account that some of these patients may not have noticed the passing of 
small stones or concrements. Even then, however, these patients should be 
classified with the group of “successful dissolution” since, according to X-ray, 
they all had stones the size of which precluded their spontaneous expulsion. 
These stones must then have become considerably smaller in order to be 
expelled painlessly. 

In the patients with pure uric acid stones, repeated urography showed 
continuous decrease in size of translucent stones and normalization of the 
contours of the pelvis and calyces when hydronephrosis had been present. 
Quite a few of them had had multiple stones, unilateral or bilateral. In none 
of them did additional stone formation take place during the period of 
dissolution. 

Most patients with large mixed stones noted expulsion of concrements or 
small stones during treatment. In all these cases decrease in the size of the 
calcified shadows was noted on X-ray (see Case No. 27). More remarkable 
was the gradual disappearance of medium-sized calcified shadows in patients 
who did not notice expulsion of stones or gravel. It must be assumed that in 
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these stones the calcified part did not form a cohesive unit but was inter- 
spersed amongst the uric acid part, disintegrating into small concrements 
when the uric acid had been dissolved. Such mixed stones, in which the 
calcium salts are diffusely interspersed throughout the whole stone, were 
described by Lagergren [321]. 

Some of the patients had gout and for these probenecid was prescribed in 
addition to large fluid intake and alkalinizing drugs. In spite of the fact that 
uric acid excretion increased markedly during this therapy, the time required 
for dissolution of the stones was similar for patients who did and for those 
who did not receive uricosuric drugs. À patient illustrating partial dissolution 
of stones and subsequent expulsion of smaller concrements of mixed compo- 
sition, is described. 


Case No. 27. F.Z., a 61-year old Russian-born male office worker, father of 
2 healthy children, immigrated into Israel im 1925, was seen in the clinic first in 
August 1959 because of gouty arthritis. His family history was not available. 
His first attack of gouty arthritis occurred in 1951. Since then he had repeated 
attacks for which he received colchicin. At the end of 1958 he had a right renal 
colic and pain in the urinary bladder region. Intravenous pyelography showed 
a filling defect in the right kidney. Repeated examination in February 1959 
showed the stone to have disappeared from the kidney. In May 1959 he had a 
left renal colic and he voided reddish sand, composed of uric acid. On admission 
to the clinic in August, 1959, the patient was in good condition. No tophi or joint 
deformations were found except some swelling, redness and tenderness of the 
metatarso-phalangeal joints of both big toes. The blood pressure was 135/75 mm 
Hg. Laboratory data: 24-h urinary output 700-1800 ml, specific gravity IoI2, 
morning pH 4.8-5.5, no protein, a few white blood cells and numerous uric acid 
crystals, culture sterile, 24-h urinary uric acid excretion on a low-purine diet 
242-249 mg. Serum uric acid 5.8-8.2 mg%,, urea 40 mg%, calcium 10.2-10.7 mg 
%» phosphor 3.3 mg %, urea clearance 70%. À plain abdominal film was negative. 
Intravenous pyelography showed slight dilatation of both renal pelves, with 
normal calyces. Retrograde urography showed essentially the same picture. Air 
contrast cystography on 8.9.1959 showed two large stones, about 2.5 cem im 
diameter (Fig. 41). The patient was put on probenecid, 2 g per day, and a low- 
purine diet. In agreement with the urologist it was decided to attempt to dissolve 
the bladder stones. 4 x 15 ml Eisenberg solution were prescribed together with 
forced fluid intake. This treatment raised the urinary pH to 6.4-7.2 (examined in 
4 portions over 24 h) with a daily urine volume of 1500-2500 ml. The 24-h 
urinary uric acid excretion ranged from 750-900 mg. No uric acid crystals were 
found im the urinary sediment., 

After 6 weeks lumbar pains ceased. In November, 1959, three months after 
beginning of the treatment, the patient passed two small round smooth stones, 
of which one was 0.5 cm in diameter, the other 1 cm. The outer layer of the stones 
was whitish, interspersed with brown spots. This thin outer layer consisted of 
calcium carbonate and the nucleus of either stone, which comprised almost all 
of the stones, was composed of uric acid. 

Treatment was continued. The patient remained free of complaints and no 
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Fig. 41. Air contrast cystography on 8.9.1959 showing 
two large stones in the bladder, which were not visu- 
alized on plain film. “Two small stones voided during 
alkalinization therapy, consisted of uric acid and calcium 


carbonate (Case No. 27). 


Fig. 42. Air contrast cystography on 25.6.1961 showing 
absence of stones from bladder (Case No. 27). 
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further stones were passed. On June 18, 1961, intravenous pyelography showed 
persistence of the slight dilation of both renal pelves. Air contrast cystography 
on June 25, showed no stones present (Fig. 42). 


The complete dissolution of pure uric acid stones may take about one month 
to half a year. Mixed stones generally require a longer period of time, from 
half a year to one and a half years, until all calcified shadows have disap- 
peared. 

Improvement of chronic infection and kidney damage was remarkable in 
these patients. The infection often began to clear up whilst the stones were 
not yet completely dissolved. The possibility must be considered that the 
infection was partly due to small, invisible stones or concrements blocking 
part of the tubules, the dissolution of which enabled the infection to be 
suppressed. The improvement in kidney function which often took place 
before large stones had completely dissolved may be explained in the same 
way. In some patients the size of large calcified shadows did not decrease but 
kidney function improved markedly and the kidney containing the stone 
regained the capacity to concentrate contrast material. 

Three patients whose uric acid stones were dissolved, and in two of whom 
urinary tract infection had been present, are presented. 


Case No. 28. RR., a 60-year old Egyptian-born housewife, mother of two 
healthy children, immigrated in 1959, was sent to the clinic by the Department 
of Urology for investigation and trial of stone dissolution. She had had her last 
menstruation in 1955. She had no family history of kidney stones or gout. For 
many years she had hypertension (200/120 mg Hg) and severe headache and was 
treated with Rauwolfin. In 1954, while in Paris, an examination of the urine 
revealed “red sand” and after a few months macroscopic hematuria appeared 
without pain. À plain film roentgen examination on 21.7.1954, revealed a stone 
in the left kidney and no abnormalities on the right. In 1955 fever and pyuria 
appeared. Left pyelotomy was performed and a stone of 2-cm diameter was 
removed. The stone was hollow, composed of a calcium oxalate and ammonium-— 
magnesium phosphate shell. In 1956, she had again hematuria without pain and 
X-ray showed a “coffee-grain” sized stone in the left kidney and two bean-sized 
stones in the right kidney. She then started to suffer from continuous pain im 
both lumbar regions and hematuria frequently recurred. X-ray examination on 
12.4.1957 showed on plain film a partially calcified stone with concentric layers 
on the right side and, on the left side, a smaller stone with a translucent center. 
In August, 1959, she was examined again in France. Intravenous pyelography 
showed two large partially calcified stones on the right and the smaller stone on 
the left. Bilateral kidney operation was proposed, but was refused by the patient. 

On admission to our clinic (20.11.1959) slight left facial paresis was noted. 
The blood pressure was 165/95 mm Hg. There were no joint deformations or 
tophi. A left abdominal surgical scar was seen. The kidneys were not palpated. 
Urine examination showed a daily urinary output of 500-750 ml with a spon- 
taneous specific gravity up to 1020, morning pH 5.5, one plus albumin, many 
uric acid crystals, many leukocytes, a few granular casts and no erythrocytes. 
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Fig. 43. Plain film on 26.11.1959. Partially calcified stone in 
lower calyx of left kidney (Case No.28). 


Fig. 44. Intravenous pyelogram on 26.11.1959. Two large 
filling defects, corresponding to the stones in Fig. 30 and a 
filling defect in the lower calyx (Case No. 28). 
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The daily urinary uric acid excretion on a purine-poor diet was 370-470 mg and 
calcium excretion 73 mg. Blood examination revealed serum uric acid 4.1-4.7 mg 
%, calcium 10 mg%, phosphor 3.5 mg%, urea 36 mg%. À plain abdominal film 
on 26.11.1959 showed two large stones with alternating dense and translucent 
layers in the right kidney (Fig. 30), and a calcified stone in the lower calyx of the 
left kidney. Intravenous pyelography showed one stone in the lower calyx of the 
left kidney (Fig. 43) and in the right kidney two large stones and a third smaller 
one visible as a faint filling defect, im the lower calyx (Fig. 44). 

On the basis of the findings of red sand in the urine, uric acid crystalluria, 
partially translucent stones on X-ray, and the shell form of the stone surgically 
removed, it was assumed that the patient suffered from idiopathic uric acid 
lithiasis, complicated by formation of calcium salt layers owing to urinary 
infection. 

Forced fluid intake, oral alkalinizing therapy and antibiotics were instituted 
at the end of November, 1959, bringing the morning pH up to 6.4-6.7 and the 
daily urinary output to above 2000 ml. Colics did not recur but she complained 
of dull pain in the lumbar regions and the patient began to pass small thin shells 
consisting of calcium oxalate and uric acid layers. Once a pure uric acid grain- 
size stone was voided. A plain abdominal film showed some decrease in size of 
the stone in the left kidney and no change on the right. In December, 1960, she 
was completely well and the urinary sediment was normal. On 8.3.1961 a plain 
film and an intravenous urography showed no shadow in the right kidney 
(Fig. 45) and the stone in the left kidney had decreased in size (Fig. 46). 


Hig. 45. Plain film on 8.3.1961. The stones in the right 
kidney have disappeared. Compare with Fig. 30 (Case No. 28). 
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Fig. 46. Plain film on 8.3.1961. Stone in the left kidney has 
decreased in size. Compare with Fig. 43 (Case No. 28). 


Case No. 29. G.K., a 50-year old Polish-born male, father of two healthy 
children, immigrated to Israel in 1934, was first seen in the clinic on 8.3.1957, 
because of right renal colic. In 1959 he underwent cholecystectomy and chole- 
dochotomy for obstructive jaundice of 3 months duration due to a stone in the 
common duct. There was no family history of kidney stones or gout. In 1945 
he began to suffer from dysuria and dull pain in his right lumbar region. In 1946 
he passed a pea-sized stone following a left renal colic. Since then he had had 
such frequent bilateral renal colics that he was compelled to stop working alto- 
gether. In 1955 traces of albumin and a few red cells were found in the urine with 
a spontaneous concentration to 1018; blood urea was 33 mg% and the urea 
clearance 115%. À plain abdominal film showed calcified shadows in the right 
kidney and intravenous pyelography showed a staghorn stone on the right, 
filling the renal pelvis and the lower calyces. The stones were partially trans- 
lucent and showed a concentric layered structure. The upper calyces were dilated. 
The right ureter was not visualized. In the left kidney a filling defect was seen 
in the dilated pelvis. In 1956 a left pyelotomy was performed and one stone, 
consisting of uric acid and calcium oxalate, was removed. A few months later 
because of right hydronephrosis, right pyelotomy was done and a large stone, 
containing calcium oxalate, ammonium and magnesium phosphate, and uric acid 
was removed. One month following operation he had again right renal colics and 
voided a few stones, this time composed of pure uric acid. In December 1956, 
a plain film showed a group of partially calcified stones of varying size in the 
right pelvis. On the left a few translucent stones were seen. Intravenous pyelo- 
graphy showed insufficient excretion of contrast material with dilated calyces 
on the right, and on the left a few filling defects in the upper and lower dilated 


calyces. 
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On admission to our clinic on 8.3.1957, the patient was in good condition, 
his blood pressure was 135/80 mm Hg. Surgical scars were visible on both sides 
of the abdomen, the kidneys were not palpated. No joint deformations or tophi 
were found. Urine examination showed a urinary volume of 1500-3400 ml, 
maximal specific gravity 1020, morning pH 5.6-5.7, traces of albumin, many 
leukocytes, a few erythrocytes, and many uric acid crystals; urine culture grew 
Staphylococcus aureus; 24-h urinary uric acid excretion on the pasa regular 
diet ranged from 480 to 1420 mg. Serum uric acid was 3.7-4.1 mg9 0» calcium 
9.1 mg%, phosphorus 3.2 mg%, urea 24 mg%, urea clearance 70%. A plain 
abdominal film showed two pea-sized calcified stones in the a kidney. 
Intravenous pyelography showed deformation of the right pelvis with dilatation 
of the ureter, and on the left filling defects as on the previous examination. 

The diagnosis of idiopathic uric acid lithiasis was established on the basis of 
stone composition, uric acid crystalluria, partial translucency of stones on X-ray 
and temporary hyperuricosuria. The calcium component of the stones was 
considered to be secondary. 

It was decided to attempt to dissolve the stones by alkalinization, and increase 
of fluid intake so as to guarantee a minimum daily urinary output of 2000 ml. 
Because of the infection, antibiotics were also administered. Initially the patient 
was checked once a month for urinary output, pH and infection, later once every 
few months. After one month of treatment the urine became sterile, uric acid 
crystals were absent, the pH ranged between 5.8-7 and the 24-h output was 
3000-5000 ml. He continued to have left renal colics with hematuria and off and 
on a slight right renal attack. After 4 months, the renal colics became less 
frequent. The patient voided a daily urine quantity of 2500-6500 ml, with a 
morning pH ranging between 6.1-7.5, no uric acid crystals were found. In 
January, 1958, ro months after the initiation of the treatment, renal colices had 
stopped and a control X-ray examination showed both im plaim film and on 
intravenous urography that the stones in the left kidney had disappeared. A plaim 
film showed that one stone had disappeared on the right side and the second had 
become smaller. During the next few months his morning urinary pH fluctuated 
between 6.8-7.2 and the daily output between 4700-6700 ml. In March 1958, 
X-ray examination showed that all stones had disappeared. At no time during 
that period had stones been passed. Since then until the last follow up date 
(May, 1962), he continued to take the alkalinizing drug and kept his urine output 
high (3-5 liters daily) by forced fluid intake. He had no recurrence of colics, 
dysuria or urinary tract infection. Control plain film and intravenous urography 
in May, 1961, showed normal excretion of contrast material and no stones or 
filling defects. His urine was sterile, a test for albumin was negative, the sedi- 
ment contained no uric acid crystals and no elements. His daily urinary uric acid 
excretion was about 800 mg. The serum uric acid was 4.9 mg%, and his blood 
urea 35 mg%. He had no colics and was working full time. 


Case No. 30. S.S., a 54-year old Russian-born engineer, living in Israel since 
1925, father of two healthy children, was admitted to the rca Department on 
January 8, 1957, with gouty arthritis and bilateral renal colic. In 1948 he had his 
first attack of gout in the metatarsal-phalangeal and interphalangeal joints of 
both great toes. Since then he had had numerous attacks, involving the distal and 
proximal joints of the lower and upper extremities and the right sternoclavicular 
joint. Tophi at the wrists and in the left ear cartilage were first noted in 1951. 
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Since 1952 he had chronic pains in many joints, with severe limitation of move- 
ment. He was treated sporadically with salicylates, colchicine and atophan, and 
during the years 1954 to 1955 he received 1.5 g of probenecid daily. In the course 
of that year his attacks decreased in frequency and severity; however treatment 
with probenecid was discontinued because of difficulty in obtaining the drug. 

In 1949 he began to suffer from recurrent left renal colic, with hematuria. 
Since 1951, he had recurrent right renal colic. In 1953 he passed a small stone, 
which was not examined. 

In 1955 he was admitted for urologic examination to another hospital, where 
the following findings were recorded. The urine contained a trace of protein, 
numerous red cells and a few granular casts; the pH was 5.0, the maximum 
specific gravity 1o1o. The blood urea was 27 mg%; serum uric acid 8.5 mg%, 
and serum calcium, serum inorganic phosphorus and alkaline phosphatase were 
normal. The urea clearance was 65% of normal. Intravenous urogram revealed 
good filling of the right renal pelvis and calyces with a normal renal outline, and 
poor excretion by the left kidney, which was visible only on tomography. 
Cystoscopic examination combined with intravenous injection of methylene blue 
showed normal excretion in the right kidney and the appearance of a small 
amount of uncolored urine in the left kidney. Retrograde pyelography of both 
kidneys was normal. After discharge from the hospital the patient continued to 
suffer from severe colic, mainly left sided, with recurrent hematuria and severe 
attacks of arthritis with progressive disability. 

On admission to our hospital in January 1957, the patient was in fair nutri- 
tional condition. Tophi were noted in the cartilages of both ears and on the left 
wrist. There was severe limitation of movement in nearly all the joints of the 
extremities. The metatarsal-phalangeal joints of both toes were red, swollen and 
tender. There was marked tenderness in the left loin. The systolic blood pressure 
was 130 mm Hg; the diastolic pressure, go mm Hg. The urine contained a trace 
of protein, numerous red cells, a few white cells, a few granular casts and many 
uric acid crystals; the pH was 5.4, the maximum concentration 1019; the urinary 
uric acid excretion, while the patient was given a normal hospital diet, was 460 to 
600 mg per 24 h. The hemoglobin was 12 g%. Blood chemical studies included 
normal values for urea, glucose, calcium, inorganic phosphorus, chloride, sodium, 
potassium, albumin, globulin and alkaline phosphatase. The serum uric acid was 
7.6 mg%. The urea clearance was 55% of normal. 

Roentgenological examination showed a few well defined bone erosions near 
the surfaces of the metatarsophalangeal and the interphalangeal joints of both 
toes and the right elbow joint, with degenerative arthritic changes. 

Excretory urogram was performed on January ro, 1957. The plain film 
revealed no abnormalities. Five minutes after injection of 20 ml of urognost 
(diodone, 35%) both the pelves and calyces of both kidneys were well outlined 
with good function. The left kidney pelvis and calyces were normal. The right 
kidney showed marked dilatation of the pelvis, as well as of the calyces; the 
fornices were wide and plump, and could hardly be differentiated from the calyces. 
In contradistinction to the good contrast of the calyces, the pelvis was radio- 
translucent; a filling defect occupying most of the renal pelvis and an additional 
discrete filling defect in the caudal part of the pelvis were seen. The ureteropelvic 
junction did not show the normal funnel shape but had a concave border towards 
the pelvis. 

As nonopaque stones in the right pelvis and lower calyx were suspected, a right 
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retrograde pyelogram was taken on January 22, 1957 (Fig. 47). The ureter was 
dilated, grade 1. The beginning of the ureter lay above the lower border of the 
pelvis. The pelvis was more radiolucent than the calyces and bordered by a 
narrow opaque zone. In the caudal calyx a well defined translucent spot about 
the size of a pea was visible, while the clear zone in the caudal part of the pelvis, 
seen in the intravenous urogram, had disappeared. The roentgenological diagno- 
sis of a large nonopaque stone in the pelvis and a smaller one in the caudal calyx 
was made. 

The patient was given probenecid, 2 g daily, colchicine, 1 mg three times per 
week, and a low-purine diet. A minimal daily fluid intake of 2.5 | was prescribed 
and the patient was instructed to drink two glasses of water before retiring and 
again at 2 o'clock at night. In addition, he received alkalinization therapy. 

The patient's urine was checked periodically for quantity, pH and uric acid 
crystals. During the period from the end of January until the end of May 1957, 
his urinary output generally exceeded 1.500 ml, the pH was 7 to 7.3, and no 
uric acid crystals were found. During this period, the urine contained traces of 
protein, a few granular casts, but no red cells. On two examinations, the 24-h 
uric acid excretion was 800 and 850 mg respectively. During the first 6 weeks of 


Fig. 47. Retrograde urogram on 10.1.1957. Large filling 
defect in dilated pelvis of right kidney and small filling 
defect in dilated lower calyx (Case No. 30, gouty patient). 
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Fig. 48. Retrograde urogram on 12.1.1958. No stones visible. 
Pelvis and calyces normal. 


this treatment, the patient had several attacks of renal colic on the left and a few 
on the right, but from then on, he had no recurrence of colic. After 3 months, 
he noted marked improvementin his joints, both with regard to the pains and the 
limitation of movement. The number and severity of the attacks of acute gouty 
arthritis decreased. The serum uric acid on May 1, 1957, was 6 mg'%. 

Excretory urogram was repeated on May 26, 1957. The dilatation of the right 
renal pelvis and calyces had greatly subsided. No translucent spots could be seen. 
The right ureter at the ureteropelvic junction now had the normal funnel-shape 
appearance. The tone of the ureter was still diminished. This change in the 
roentgenogram after 3 months of treatment does not prove with certainty that 
the stones had altogether disappeared; however, if still present, they must have 
considerably diminished in size. 

On December 18, 1957, the patient was re-examined. He had no arthritic 
pains, and joint movements were normal, but the tophi were unchanged. His 
last attack of acute arthritis occurred in September 1957, and was very slight. 
Roentgenological examination of the joints did not show improvement. There 
had been no recurrence of renal colic and no hematuria. The urine still contained 
some albumin and many granular casts. The blood urea was 57 mg %; a clearance 
was not performed. The blood uric acid on January 8, 1958, was 4.9 mg%. No 
stones were passed during the whole period of treatment. 
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Excretory urogram showed normal width and shape of the right pelvis and 
calyces. The fornices were pointed and slender, and the ureteropelvic junction 
was normal. The capacity of the pelvis and calyces was homogenous; no filling 
defects could be seen. Right retrograde pyelogram on January 12, 1958 (Fig. 48), 
showed the pelvis and calyces normal. Additional evidence for the disappearance 
of the stones is furnished by the ureter having regained its normal tone. 

Excretory urogram on 7.5.1961 was normal. His blood urea was 24 mg%, his 
urea clearance 100%. This patient was described extensively elsewhere [20]. 


In 4 patients whose stones had been completely or partially dissolved, 
recurrence of stone formation took place, in all of them following discontinu- 
ation of treatment. 

In 14 patients conservative treatment was of no avail. Of these patients, 
4 did not adhere to the prescribed treatment. Of the remaining 10 patients, 
9 had very severe chronic infection with a high urinary pH. Four of these 
patients had huge, coralliform, densely calcified stones and several had 
chronic uremia, with large, bilateral stones. In one patient the kidney, which 
contained the stone to be dissolved, was practically functionless and did not 
excrete contrast material. In nearly all these patients chronic infection and 
kidney damage did not improve. A case in point is the following. 


Case No. 31. M.J., a 48-year old Roumanian-born office worker, immigrated to 
Israel in 1948. He was married and father of two healthy children. On 4.6.1958 
he was sent as an urgent case to the Medical Department because of renal stones 
and uremia. No relevant information could be elicited from the patient about 
other diseases in the past and the family history was noncontributory. 

The renal disease commenced with recurrent bilateral colics, hematuria and 
the voiding of many small red stones in 1940. In the beginning of 1957, his blood 
urea was normal and X-ray examination did not reveal stones. A few months 
later he was admitted to another hospital because of acute bilateral pyelitis. 
Atthat time, his blood urea was found to be significantly elevated, 115-170 mg%. 
There was constant isosthenuria and severe infection of the urinary tract. A plaim 
abdominal film was negative but retrograde pyelography demonstrated the right 
ureter to be blocked at the ureteropelvic junction. The left kidney concentrated 
the contrast material poorly. 

In view of the uremia it was concluded that the left kidney was severely 
damaged and that the right kidney had become blocked only recently. Right 
pyelotomy was decided upon. The kidney was found to be hydronephrotic with 
multiple abscesses in the parenchyma. The ureteropelvic junction was found to 
be blocked by “detritus”. The patient's condition improved considerably. His 
blood urea went down to 50-60 mg % and intravenous pyelography showed both 
kidneys to function reasonably well, 

From this time on, however, attacks of acute bilateral pyelitis recurred with 
increasing frequency and his kidney function deteriorated steadily. The blood 
urea increased and a differential urea clearance showed a clearance of 25%, of the 
right kidney and 13 % of the left. His condition became complicated by thrombo- 
phlebitis and pulmonary emboli. 
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On admission to our department, 4.6.1958, he looked chronically ill and uremic. 
There was pronounced tenderness in the kidney regions and along both ureters. 
The temperature was normal. His blood pressure was 130/80 mm Hg. 

His daily urine excretion was 800-2000 ml, maximal urinary concentration 
IoIo, urinary pH 6.0-8.2. There was proteinuria and the sediment was composed 
mainly of frank pus and triple phosphate crystals. Culture of the urine yielded a 
heavy growth of Proteus vulgaris, resistant to all available antibiotics. Daily 
urinary uric acid excretion was 607-1867 mg, calcium 31-45 mg, phosphorus 
540-782 mg, serum urea was 70-170 mg%, uric acid 6.2-7.2 mg%, calcium 
10.7 mg%, phosphorus 5.4 mg%, CO,-combining power 36 vol.%. The urea 
clearance was 25% of normal. The serum electrolytes were normal. Shortly 
before his admission to our department, an intravenous pyelography had shown 
lack of excretion of contrast material from the left kidney, although retrograde 
pyelography of the left side had not demonstrated obstruction. The “detritus” 
removed at the operation was found to consist of a conglomeration of small stones 
and inspissated material. The stones were composed of pure uric acid. Another 
stone, expelled shortly before admission, was also found to consist of pure uric 
acid. 

The patient's condition deteriorated rapidly due to a flare-up of the pyelitis. 
Bilateral retrograde pyelography showed that both kidneys were hydronephrotic. 
A huge filling defect was demonstrated in the right pelvis and another, slightly 
smaller one, in the left pelvis. The urologist was of the opinion that surgical 
intervention was contraindicated. Although we had no proof that these stones 
were again uric acid stones or blood clot, inspissated mucus or pus, treatment was 
instituted by alkalinization of the urine, antibiotics and large fluid intake. 

In the course of the next year the blood urea remained around 70-80 mg %. 
As expected, we did not succeed in eradicating the chronic urinary infection and 
there were several acute flare-ups. In October, 1959, acute left-sided pyelitis 
caused a marked and rapidly progressing deterioration. The left kidney was 
found to be nearly completely blocked and in desperation it was decided to 
operate on this side. Pyo-hydronephrosis was found with a thin rim of parenchyma 
full of pus-filled pockets. Many stones, large and small, were found in the en- 
larged pelvis and calyces, most of which were removed. Examination of these 
stones showed them to consist of pure and mixed uric acid stones. Postoperatively 
the patient went steadily downhill and he died in uremic coma on 1.2.1959. 

Post-mortem examination showed the following relevant findings. The right 
kidney was contracted. Both kidneys were hydro-pyonephrotic with multiple 
abscesses and scars in the extremely thin parenchyma. Both kidneys were found 
to be studded with many small and large pure and mixed uric acid stones. 


Comment. The course in this patient shows clearly the ineffectiveness of 
conservative treatment in the presence of chronic urinary tract infection due 
to urea-splitting organisms and chronic renal failure. 


Surgical treatment 

In spite of the fact that uric acid stones, pure as well as mixed, can often 
be dissolved by conservative treatment, in some patients surgery is indicated 
because of complications (see page 81). Thirteen of our patients underwent 
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urologic surgery since their first hospitalization or their first visit to our 
clinic. Two of them were hospitalized because of sudden anuria due to ob- 
structing stone. Two other patients had large, unilateral, calcified stones with 
hydronephrosis. Since they had a low urinary pH and uric acid crystals in 
the urinary sediment, and since the shadows cast by the stones were not 
homogenous, mixed uric acid stones should have been suspected. At that 
time, however, our experience with this disease was still limited and the 
correct diagnosis was not made. In the light of our present knowledge the 
latter two patients should have been given a trial of conservative treatment. 
Another patient had hyperparathyroidism in addition to uric acid lithiasis 
(Case No. 19). One patient was operated without our knowledge in another 
hospital. The remaining 7 patients were operated because of large mixed 
stones, some of them having hydronephrosis and chronic urinary tract in- 
fection due to urea-splitting organisms resistant to all antibiotics. 


Uric acid lithiasis in diseases of the hematopovetic and lymphatic systems 

As has been stressed by various authors [88, 230, 352, 517, 555, see also 
literature on page 158], patients with diseases of the hematopoietic and 
lymphatic systems, especially when being treated with cytotoxic drugs or 
irradiation, should receive large fluid intake and alkalinizing drugs, in order 
to prevent uric acid stone formation or blockade of the renal tubules by uric 
acid crystals. 

The treatment of uric acid lithiasis in such patients is carried out along 
the same lines as described for the idiopathic and gouty uric acid stone 
patients. Indeed, the treatment is equally effective as for other uric acid 
stone patients, as was born out by 4 patients under our care, 3 with poly- 
cythemia vera and one with erythroleukemia. 


Summary of indications 


The therapeutical indications in our clinic, based upon experience gained 
with a large patient material, may be outlined as follows. 

Patients with uric acid lithiasis, idiopathic, gouty or associated with 
myeloproliferative or Iymphatic diseases, should be treated by high fluid 
intake and alkalinization. This treatment should also be instituted in patients 
who have prolonged quiescent periods, since renewed stone formation may 
occur at any time, irrespective of the duration of the previous quiescent 
intervals. Patients voiding “sand” or “gravel” should be treated similarly. 
Treatment should be lifelong, since the tendency to uric acid stone formation 
apparently lasts throughout life. 

Gouty subjects being treated with uricosuric drugs and patients with 
diseases associated with increased uric acid production, especially when 
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receiving cytotoxic drugs or radiation, should be given high fluid intake and 
alkalinization as a preventive measure. 

In vivo dissolution of uric acid stones, small and large, pure and mixed, 
should be attempted. 

Alkalinization treatment should be withheld in case of urinary tract 
infection with high urinary pH due to urea-splitting organisms. These 
patients should be considered for surgery. In chronic severe azotemia, conser- 
vative treatment is generally ineffective, and may induce metabolic alkalosis. 

Caution is warranted in alkalinization therapy in patients who tend to 
edema formation, such as in heart failure, and hypertension. 

Commonly accepted criteria for urologic surgery in nephro- and uretero- 
lithiasis do not hold in all uric acid stone patients, since dissolution in vivo 
may be successful. Surgery may be postponed and dissolution attempted 
except under the following conditions: 

I. Stone in non-functioning or very poorly functioning kidney with little 
parenchyma. 

2. Stone, the size of which precludes expulsion, in the presence of chronic 
infection with high urinary pH due to urea-splitting organisms resistant to 
antibiotics. 

3. Certain cases of acute obstruction, such as with anuria or unilateral 
complete obstruction without nephrogenic effect on intravenous urography. 

In all cases in which urologic surgery is considered according to commonly 
accepted criteria, post-ponement of surgery with institution of conservative 
treatment should be decided upon in consultation with the urologist. 
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